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Yaslanma

» Coklu doku ve organlarda fonksiyonel bir
azalma da dahil olmak Uzere fizyolojik ve
patolojik degisiklikler

ImmUnosenesansa

Hasar birikimi

Kronik hastaliklar

canser
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Turkiye yaslaniyor

o NUfus: 85,664,944 (31/12/2024)
« Beklenen yasam suresi

« FErkek 74,7 vyl

« Kadin 80 vil

Yas gruplarina gore niifus orani, 2007, 2024

2007 2024
(%)

0-14 yas

(%)

|
' i
71 - 65 + yas
A |

= 65 yil: 2050 yilinda %17,6'ya ulasacagi tahmin edilmektedir

68,4

3 26.04.2025



Yaslanmayla hastalik yuku artar

» USA- 2020
>65 yas %16 /total populasyon
Hekim basvurularinin %27

Hastane taburcularinin %38
» United Nations.World Population Prospects 2019.2019.

» Enfeksiyon hastaliklarinin sikligi ve siddetinde
artis

Solunum, GIS, Uriner sistem
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Immun yaslanma

Replikatif yaslanma
Apopitosis
Fonksiyon kaybi
Timik involisyon
Epigenetik degisiklikler
Kronik inflamasyon
Oksidatif stres

Mitokondriyal disfonksiyon

naif-hafizali hticre oraninda dengesizlik ve
dlizensiz metabolizma

Vaccines 2024, 12, 1289.
g 26.04.2025



Asilarin immunolojik Mekanizmasi
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Asl etkinligi nasil artirllabilire

» Ag dozunun artirilmasi

» Cok valanli Ag iceren asi

» Adjuvan

» Kronik inflamasyonun engellenmesi
» Immun yaslanmanin durdurulmasi
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Etkili Bir asiicin gerekli olan

» Asinin etkinligi, adaptif bagisiklik tepkisinin
derecesine baglidir

Adaptif bagisiklik tepkisi esas olarak lenf
dugumlerinde baslatilir.

» Etkili tasima (LN hedefli as1 tasima)
ASH tarafindan LN’larina etkin tasima Th aracili
potent immunite icin gereklidir
Ag boyutu, elektrostatik durumu, Adjuvan,

Kemokin [CCR7 (immun h’leri immun organlara
yonlendiren reseptoér) - CCL19/CCL21]

Sompayrac L.M. John Wiley & Sons; 2019. How the Immune System Works
Gaudino S.J., Kumar P. Cross-talk between antigen presenting cells and T cells impacts intestinal homeostasis, bacterial
infections, and tumorigenesis. Front. Immunol. 2019;10:360..
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Yaslanmayla LN daki degisiklik

Age-associated alterations in the lymph node

G ¥ Lymph node size and number

il celf)ne

Germinal center ® —Efferent lymphatic vessel
¢ GC size

{ GC per LN

B cell follicle

/B border
*CXCL13,CCL19,CCL21

N
&High endothelial veins

Afferent lymphati¢ vessel *Immune cell migration

Disorganized structure

Bu degisikler LN hedefleme yetenegini azaltir
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Etkili Bir asiicin gerekli olan

» Asimin etkinligi, adaptif bagisiklik tepkisinin derecesine
baglhidir

Adaptif bagisiklik tepkisi esas olarak lenf digtimlerinde
baslatilir.

» Ag-immunojen

» Etkili tasima (LN hedefli as1 tasima)
ASH tarafindan LN’larina etkin tasima Th aracili potent
immunite icin gerekli

» Capraz sunum (cross-presentation)
Profesyonel DCs

Sompayrac L.M. John Wiley & Sons; 2019. How the Immune System Works
Gaudino S.J., Kumar P. Cross-talk between antigen presenting cells and T cells impacts intestinal homeostasis, bacterial
infections, and tumorigenesis. Front. Immunol. 2019;10:360..
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Capraz sunum (cross-presentation)

Cytosolic pathway

Phagosomal loading
Cell-surface antigen

ER lumen

Vacuolar pathway

Yang Y. Acta Pharm. Sin. B 11, 476-487 (2020)

v

DC’ler dogustan ve edinilmis
bagisiklik arasindaki kuran

koépru naif T hiicrelerini uyaran
kritik APC'lerdir.

Konvansiyonel DC’ler: naif Th
aktive

Plazmasitoid DC'ler (pDC’ler: tip I
interferon (IFN) tretebilir;

Monosit tirevi dendritik hticreler
(moDCl'ler): efektoér Th Ag
sunumu ve sitokin salinimi

Langerhans htucreleri (LC'ler): T
huicre bagisikligini induklemek

icin antijen sunabilen epidermal
DC'ler

Foliktuler DC’ler: lenfoid
foliktillerde BL Ag sunumunu
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Yaslanmayla ASH /

Age-associated alterations in the DCs
4 M2 macrophage

\l /
’ ' * Flasmacyiod. D0 *Chemotactic ability

~ A
\
e ¢ Follicular DCs *Phagocytic ability
/)0080/86 CD28

4 MHC TCR
% \./ -a.
x\

DC

* TLR expresswn\&

{Cytokines Ticell

}Antigen uptake {Antigen presentation {T cell activation

DC'deki degisiklikler

TL aktivasyonu azalir
* ko-stimulator molekul azalir— 2. sinyal

 Sitokin sekresyonu azalir — 3. sinyal
-IL12,4,6 THI, 2, veya 17
polarizasyonu

* TLR ekspresyonu azalir
-TLR 3,7/8
 MHC molekul ekspresyonu azalir

e Makrofaj kemotaktik ve fagositik aktivitesi azalir

* M2 makrofaj artar: Angiogenesiz ve tumor gelisimi / immunosupresyon etki

npj Vaccines | (2024)9:77
12
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Etkili Bir asiicin gerekli olan

» Asimin etkinligi, adaptif bagisiklik tepkisinin derecesine
baglidir

Adaptif bagisiklik tepkisi esas olarak lenf dugumlerinde baslatilir.
» Ag-immunojen
» Etkili tasima (LN hedefli as1 tasima)

ASH tarafindan LN’larina etkin tasima Th aracili potent immuinite
icin gerekli

» Capraz sunum (cross-presentation)
Profesyonel DCs

» BL etkinligi: humoral imm., ASH, KI ana
kaynak

Sompayrac L.M. John Wiley & Sons; 2019. How the Immune System Works
Gaudino S.J., Kumar P. Cross-talk between antigen presenting cells and T cells impacts intestinal homeostasis, bacterial
infections, and tumorigenesis. Front. Immunol. 2019;10:360..
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Yaslanmayla BL degisiklikleri

Age-associated alterations in the B cells

*B cell number

TFC gamma rec receptor |IB
3%s L) @ o)

nge-assocnated B cells *Memory B cell

) * Plasma cells
oent: ¥ CXCL13

/"

) ¢Somat|c hypermutation

" {Class switching

T cell CD40L{CD40 B cell
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Yaslanmayla BL degisiklikleri

» Artan ABC (Yaslanmayla iliskili BL) sikliginin
antijene 6zgu hafiza B hiicrelerinin azalmasi ve
SARS-CoV-2'e kars1 notralize etme
kapasitesinin azalmasiyla iliskili oldugunu
bildirmistir.

» Ayrica, inhibitor reseptor Fc gama reseptort
[IB'nin artan ekspresyonunun immun
kompleksleri baglayarak bunlarin
temizlenmesini artirabildigini ve bunun da asi
yanitinin azalmasina katkida bulundugunu
tespit etmislerdir.

Yam-Puc, J. C. et al. Age-associated B cells predict impaired humoral immunity after COVID-19
vaccination in patients receiving immune checkpoint blockade. Nat. Commun. 14, 3292 (2023).
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Yaslanmayla BL degisiklikleri

Dark zone,: B hucreleri ¢cogalir ve
mutasyona ugrar, bu da antikorlarin
ozgullugunu ve afinitesini artirir.

Light zone: B hlcreleri antijenleri
yakalar ve bunlar T folikller yardimci
(Tfh) hlcrelerine sunar.

CXCRS5 (Tfh, BL) /ICXCL13 (FDCs)
CXCL13 Tfh’lerin LZ’a gitmesini
saglar, yaslanmayla azalir.

Sitidine Deaminaz: B hucrelerinde
afinite olgunlagsmasi ve sinif degisimi
igin gereklidir, yasl bireylerde onemli
olgude azalrr.

Afinite ve antikor tepkilerinin azalmasina
yol agar.

Immunol. Rev. 296, 142-154 (2020).
PLoS Pathog. 8, e1002920 (2012)
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Etkili Bir asiicin gerekli olan

» Asimin etkinligi, adaptif bagisiklik tepkisinin derecesine
baglhdir

» Adaptif bagisiklik tepkisi esas olarak lenf digiimlerinde baslatilir.
» Ag-immunojen
» Etkili tasima (LN hedefli as1 tasima)

» ASH tarafindan LN’larina etkin tasima Th aracili potent immunite
icin gerekli

» Capraz sunum (cross-presentation)
» Profesyonel DCs

» BL etkinligi: humoral imm., ASH, KI ana kaynak
» TL etkinligi:

Sompayrac L.M. John Wiley & Sons; 2019. How the Immune System Works
Gaudino S.J., Kumar P. Cross-talk between antigen presenting cells and T cells impacts intestinal homeostasis, bacterial
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Yaslanmayla TL degisikliklert

o ©

¥ CD4 and CD8 T cell
4 CD28 CDS'T cell
f Regulatory T cell

. *Cytoklnes

o
% 0% {Activation
@

* Proliferation
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Yaslanmayla TL degisikliklert

» Yasl bireylerde CD27 ve CD28 ekspresyonunun
eksikligi, muhtemelen tekrarlayan T hucresi

aktivasyonundan kaynaklanan T hucresi
senesansinin bir 6zelligidir.

| . Priming step 1 Priming step 2
il-‘ - \ | |
S S o) cD40L :
o ~ Naive | /i
cDC2 = @ b =) \.%.Lz
=T\ mecn TCR ™ | N IL-21
' g cha 4-18B OX40
CD30 GITR
XCR1* cDC1 — co7o
cD27
'] cosor Activated Expansion
- cD8s cDs g IL-2
IL-2R
cDC1 co2s T-bet [ IL-12R
) Type | interferon ‘ Eomes
IL-12 1d3 /
IL-15 IRs % Cytotoxicity
S P> i
PD-1 S A g IFN-y
TNF
) » @ Granzymes
Tim-3 Migration -
asiL
BTLA CXCR4
CX3CR1
MMPs
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Yaslanmayla TL degisikliklert

Age-associated alterations in the T cells

|

Thymic involution

-

~

A(S
.

DC

PD-11

\s u,CDBOl8_€{:DZB¢
e MHC Tc;q*

T cell

¥ CD4 and CD8 T cell
4 CD28 CD8 T cell
f Regulatory T cell

‘Cytokmes
{Acuvauon

‘ Proliferation

» TL programlanmis 6lim
reseptoru-1 (PD-1) ifadesi, TL
aktivasyonunu ve cogalmasini
engelleyen CD28-CD8+ TL ve
Treg L'in miktar: artar.

» CD28-CD8+TLleri TGF-3, IL-7

ve IL-10 treterek TL
aktivasyonunu engeller.

Yuksek PD-1 ekspresyonuna sahip T hucreleri, PD-
1 /programlanmis 6lUm ligand:1 1 (PD-L1) yoluyla T
htuicresi aktivitesini inhibe eder, boylece T

huicrelerinin timor hucrelerini 6ldiirme yetenegini
inhibe eder

20
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CD28"I T-cells
Yaslanmanin biyobelirteci

Persistent Stimuli
(pathogens,
auto-antigens,
neo-antigens)

@)
“‘ 00 Senescence
Granzymes /

Steroid resistance
T ‘ -
4188 ‘ P Apoptosis resistance

\ Senescence-associated

NK receptors secretory phenotype

Allen, Vaccine. 2020 December 14; 38(52): 8264—8272.
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CD28™I T-cells

B o T cell progenltors'

W Thymic Output '
& T Mature B cells'

A Compete lympoid Immune diveristy
: niches in BM De novo responses

ILT3 Immune
|_'r4‘ > suppression

Tolerize DCs _y Tissue damage ‘

/ Cytotoxicity ‘DAMPS

. & Immune responses
‘o

SASP l
D. Pro-inflammatory \
cytokines ——p Cytokine storm
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Immun yaslanmanin karakteristik belirti ve
sonuclar (Neden mie Sonuc mu?¢)

« Genomik instabilite

« Telomer kisalmasi

« Epigenetik degisiklikler

* Proteostaz kaybi

» Makro-otofaji kaybi

» Besin algilamada regulasyon kaybi
» Miktokondrial disfonksiyon

* Hucresel yaglanma

« KOk hucre tukenmigligi

* Hucreler arasi haberlesme bozulma

Kronik inflamsayon,

* Disbiosis

23 26.04.2025



Sistemik ve hucresel seviyede yaslanma
belirtecleri / neden-sonuc

Systematic level ‘. Cellular level The key step
- ", Vaccination | ~
'oeo,aoooooo‘oooe'éo‘e'oooooaealo[oeo - M, 080/359038
B o (@oc Y NIRRT 022

| @i | @ T ] T S

CD4'Tcell CD8'Teell  STING | e T cell

. wy 25 NF-kB | | MHC and TLR | TCR

7 /YIS
| - l k) |Costimulatory ‘Costimulatory
Treg B cell 1 molecules ‘molecules
i : Mlgratlon to the
ifitsaiFed i Chronic inflammation | iyrph nodes | PD-1

Internalization and Activation and
| antigen presentation lexpansion
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iInflammaging

pro-inflamatuar sitokin seviyeleri kronik olarak yukselir

Young HSC Senescent HSC R

s LD

/ M"“" » 0B

: ® R-18
CCL2

® TNF.a

W = g » WNFy
w > TGP
PP esssssessesass > AR  ccceeeen » s CXCLY
“J.. \ ® CXCLI2

Young immune cells Senescent immune cells Immunosenescence

- o -
0 "‘ I (* '
YR T -
.‘J 2 ) A

Oxidative A SP Inflammatory  Microbiome

slress cell death
& / ¢ /
A
.

Young cell Senescent cell Tissue&Organ
Young (Inflammation)

Aged

Immiin yaslanmaya, inflammaging adi verilen kronik ve sistemik steril inflamatuar bir
ortamin gelisimi eslik eder.

Franceschi, C. et al. Inflamm aging:. Ann. N.Y. Acad. Sci. 908, 244-254 (2000).
25 26.04.2025



Inflammaging

» Bu arada, yash hucreler birden fazla
inflamatuar sitokin (6rnegin IL-13, IL-6 ve TNF-
a), kemokin (6rnegin CCL2 ve IL-8) ve buyume
faktorleri salgilar.

» Proinflamatuar medyatoérlerin bu
salgilanmasina, inflamatuar mikrocevreye
katkida bulunan senesansla iliskili salgisal
fenotip (SASP) adi verilir

26 26.04.2025



Yaslanmayla iliskili salgisal fenotip
(Senescence-associated secretory phenotype (SASP))

Yaglanma-organ atlasi.

‘. T Thymic atrophy
T Nerve inflammation i Efficient T-cell development

TINF@ 1L TR, IL6, IFNy, COX-2 4 Migration of naive T cells
4 Brain f plasticty, y ' —

4 Quantity, completeness
T Fibrosis, fat
1 Sennescent ceils )
1 Inflarmmation

1 immune dysfunction
T Mitochondrial dysfunction
T inflammation & cxidative stress

1 Glomenuloscierosia tinflammation

4 Immune response T Malignant bacteria

4 Renal cell profiferative capacity i Probiotic bacteria
4 Colonic transt
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Inflammaging

» Kronik inflamasyon bagisikligi olumsuz etkiler,
cunkl inflamasyon tepkisindeki artislar asilarin
etkinligini azaltir

» Inflamatuar sitokinler, bagisiklik hticrelerinde
inhibitor ligandlarin ekspresyonunu artirarak
bagisikligl degistirebilir.

Ornegin, TNF-a, APC'lerde PD-L1 ekspresyonunu
kolaylastirir. PD-L1, T hiicrelerinde ekspresyon gosteren

PD-1'e baglanir; ve yasli T huicrelerinde PD-1'in énemli
O0lctide artmis seviyesi, bagisiklik tepkisini inhibe eder.

Inflamasyon Foxp3+ Treg artisina, buda Ag spesifik yanit
inhibisyonuna yol acar

Chambers, E. S. & Akbar, A. N. Can blocking inflammation enhance immunity during aging? J. Allergy Clin.
Immunol. 145, 1323-1331 (2020). / Yingying Hounpj Vaccines | (2024)9:77
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HSS yaslanma

~—— Bone marrow

Inflammaging
1 Amount HSC miyeloid/megakaryosit
T Inflammatory cytokines .. .
Polarization farklilasmasinda en onemli
1 Self-renewal
S etken
1 Energy metabolism
/ Skewed \
Myeloid Lymphoid |
progenitor cell ptogenitor cell
. v ' . .
@ ()
& . . L) .
Neutrophils Monocyte/Macrophage NK cell B cell CD4/CD8T cell
T Apoptosis TTNF-q, IL-1B, IL-6 T Amount TIL-1g, IL-1B, IL-6, TNF-a TTNF-q, IL4, IL-5, IFNy
1 Phagocytic capacity 1 Energy deficiency (T CD56dim NK cell, T Memory B cells TMemory T cells
1 Adhesion 1 Phagocytic capacity 1 CDS6bright NK cell) 1 Naive B cells 1 Treg, Th amount
4 Chemotaxis 1 Autophagy L Killing activity 1B cell antigen receptor {Primary T cells
1 Trap network release 4 Energy metabolism diversity 4T cell receptor diversity

1 Antibodies release 4T cell capacity
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MolekUler seviyede yaslanma belirtecleri
/ neden-sonuc

Molecular level ’

Compromised autophagy

Agin i .
<R 5
Phagophore  Autophagosome . Beclin 1
) PHag ATGS

ATG7

Dysfunctional
autophagy 4*
Protein

Reduced lysosomal proteolytic function

30

Telomerase attrition
Telomerase

&

Telomerase induction
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Otofaji: Hucre olumunUn duzenleyicisi

» Otofaji (autophagy,
"kendini yemek"), yeni ve
daha saglikli hticreler elde
edinmek icin vicudun
hasarli huicreleri temizleme
yoludur.

e

.'_.

Otofagbzom

P —
N
e
Lo
Lizozom
a -~ 0 \ e
:'_o :Q — fe2)v ‘ff}

Amino asit ve diger yan Otolizozom
rtinlerin sitoplazmaya
gonderilmesi

Izolasyon
membrani

Vezikill uzamasi

Yanlis katlanmis veya kiimelenmis proteinlerin
yikiminda, hasarli organellerin temizlenmesinde ve
hticre ici patojenlerin ortadan kaldirilmasinda énemli
bir rol oynamaktadir, "hayatta kalma mekanizmas1"

olarak dusunulmektedir

Glick, Danielle;. "Autophagy: cellular and molecular mechanisms".The Journal of Pathology 2010..221 (1): 3-12

31
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Autophagy asil nedenlerden birt mi¢

» ATGS, ATG-7, ve BECNI gen aktiviteleri yasla azalir
» ImmUn yaslanmanin temel molekUler mekanizmasidir

» Zhang, H. et al. Polyamines control elF5A hypusination, TFEB translation,
and autophagy to reverse B cell senescence. Mol. Cell. 76, 110-125.e9
(2019).

» Defekfif hUcre ici organelleri ve hatall protein
birikimlerini temizler

» 'Yasam suresini uzatir
MTOR yolagini inhibe ederek
AMPK yolagini aktive ederek

32 26.04.2025



Otofqji etkinliginde azalma

» Yaslanmayla hasarli prt ve organeller birikir
ASH’de Ag sunumunu bozar

» TL yanitinin regillasyonunda rol oynar

TL yasam suresini, prolifeasyonunu, TCR
aktivasyonun sonrasi sitokin sekresyonu
azalmasiyla sonuclanir

» Hubbard,V. M. et al. Macroautophagy regulates energy metabolism during effector T
cell activation. ). Immunol. 185, 7349-7357 (2010).
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Otofaji induksiyonu asi etkinligini artirabilir mi?

» Otofaji indukleyen peptid ile konjuge
nanopartikul as1 (kanser immunoterapi)
Ag capraz sunumunda artis
As1 immun yanitinda artis

DCs’de otofaji; ASH’de Ag depo kompartmanlarinin
olusumuna yol acarak, Ag’lerin depolanma/islenme
suresini uzatir, Ag sunumunu ve TL yanitini
kolaylastirir

Wang,Y. et al. In situ manipulation of dendritic cells by an autophagy-regulative nanoactivator
enables effective cancer immunotherapy.ACS Nano 13,7568-7577 (2019).

Wang, S. et al. Exploration of antigen-induced CaCO3 nanoparticles for therapeutic vaccine. Small 14,
el704272 (2018).
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Spermidin

» Spermidin, tim turlerin sagligini iyilestirebilen
ve yasam suresini uzatabilen dogal bir
poliamindi.

» Spermidin, bir otofaji agonisti olarak, yaslh
bireylerde as1 etkinligini artirmak icin T ve B
htuicrelerinde otofajiyi geri yukleme yetenegini

arastirmak Uizere klinik denemelerden
gecmektedir (NCT05421546).

Fan, J., Feng, Z. & Chen, N. Spermidine as a target for cancer therapy. Pharmacol. Res. 159, 104943 (2020).
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Metformin

JC T 7Y Y.
» Metformin , Tlp 2 dlyg betin The effect of metformin on influenza vaccine

gUVGﬂ“ b|r §e|<||de Tedovisinde responses in nondiabetic older adults: a pilot
A trial
kullanilan bir ilactir o

Domenique £ Martin'*, Andreia N. Cadar'~, Hunter Panier™, Blake L Torrance'”, George A Xuchel” and
TR

Abstract

» Metformin, AMPK sinyal yolunu
aktive ederek hucre otofqgjisini
indUkleyebilir, NLRP3
inflamazomlarnnin uyarimasini
inhibe ederek ve yaslanmayla
iliskili inflamatuar yanitlar
lyilestirebllir.

Klinik bir calisma, metforminin grip asisi (NCT03996538)
verilen yasl bireylerde daha etkili bagisiklik yanitlar
ortaya cikarabilecegini dogruladi.
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Th Telomer kaybini onlemek

» Telomerler, kromozomlarin uclarini koruyan ve
huicresel 6mru uzatan tekrarlayan diziler
grubudur.

» Yasam saati olarak telomerler, hiicre béliinmesi
ve yaslanmayla kademeli olarak kisalir.

» Telomeraz, T huicresi cogalmasinin neden
oldugu telomer kaybini hafifletmek icin telomer
onarimini uzatabilir, ancak telomeraz
aktivasyonu T hticrelerini immunosenesanstan
korumakta yetersizdir.
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Th Telomer kaybini onlemek

» T hiicreleri, APC'lerden hucre disi vezikullerdeki
(EVs) telomerleri alarak telomerlerini uzatir.

» Farelerde yapilan in vivo deneyler, telomer

iceren EV'lerin
Antijene 6zgu T huicresi genislemesini, kok hticre
benzeri bellek T huicrelerini ve merkezi bellek hlicresi
cogalmasini ortaya cikarabilecegini bulmustur.

» Telomer tasiyan vezikullerin T huicresi
immunosenesansini engellemek icin potansiyel
bir strateji olabilir ve yasli bireylere yonelik
asilarin tasariminda kullanilabilir

Lanna, A. et al. An intercellular transfer of telomeres rescues T cells from senescence and

promotes long-term immunological memory. Nat. Cell Biol. 24, 1461-1474 4(2022).
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Efferositoz — immun yaslanma

Necrotic cell
Swelling of the cell
and organelles
Releasing of )4 ) Cellular and
cellular and DNA > : nuclear lysis

contents

Triggering an inflammatory reaction
Atherosclerotic plaque progress
Causing autoimmune disorders
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Reduces cerebral infarct volume, improves brain edema & neurological scores
Reverses brain histomorphological damage
Reduces plaque areas, macrophage infiltration, & apoptosis
Inhibits the progression of advanced atherosclerosis
Increases efferocytosis activity & efficiency
Promotes M2 polarization & reduces in the inflammatory process
Promotes fibroblast proliferation and skin wound healing
Promotes wound healing in diabetes
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Efferositozu artirmak Inflammagingi azaltabilir
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Yashlarda eftkili asilama stratejileri-Var olanlar

» Yuksek doz asi

Geleneksel asilarla karsilastirildiginda, ytuksek doz
influenza asis1 dort kat daha fazla hemaglutinin
antijen dozu saglayabilir ve 65 yas ustu kisilerde
immunojenisiteyi ve asi1 gucunu artirabilir.

High-dose vaccines

B cell CD4*Tcell CD8'T cell

Gravenstein, S. et al. Comparative effectiveness of high-dose versus standard-dose influenza vaccination on
numbers of US nursing home residents admitted to hospital: a cluster-randomised trial. Lancet Respir. Med.
5, 738-746 (2017).
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YUksek doz Antijen temininde tasima
modelleri

» Mikropartikul tasiyicilar nanopartikulden daha
cok ag tasiyabilir
Genis yuzey alani olan partikuller;

Metal-organik cati
Mesoporus slika

Pickering emulsiyon E]

Sun,Y.. Nanomicro Lett.12,103 (2020).
Hong, X. Sci.Adv. 6, eaaz4462 (2020).
Xia,Y.Nat. Mater. 17, 187—-194 (2018).

» Self-assembled nanopartikul

Zhao, J. et al. A minimalist binary vaccine carrier for personalized postoperative cancer vaccine therapy.Adv.
Mater. 34,e2109254 (2022).

42 26.04.2025



Multivalent Asilar

» Uc degerlikli ve tek degerlikli influenza
asilarinin karsilastirilmasi, cok degerlikli
asilarin daha genis heterotipik ve capraz
koruma kapsami olusturabildigini gostermistir.

Hernandez-Davies, |. E. et al. Administration of multivalent influenza virus recombinant
hemagglutinin vaccine in combination-adjuvant elicits broad reactivity beyond the vaccine
components. Front. Immunol. 12, 692151 (2021).

» 13 valanl, 20, 23 valanli pnémokok asilari
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—» NO IMMUNE RESPONSE

| -inorganik bilesikler: potasyum alum, Al (OH)
AIPO,, kalsiyum fosfat hidroksit

2-Yaglar: parafin yagi, propolis (preklinik
calismalarda),Adjuvan 65 (fistik yagina dayalidir.)
3-Bakteri trunleri: oli bakteri (B. pertusis), M.
Tbc, toksinler

4-Bitki sponinleri (Quillaja, soya fastilyesi)
5-Sitokinler:1L-1,,2,12

6-Freund’un komplet, inkomplet adjuvanlari
7-Diger organik bilesikler: skualen (MF59,AS03)
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Adjuvan

APCc maturasyonu, sayisi, APC-TL etkilesimi, Th-sitokin
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b.Vaccines with adjuvants
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Adjuvan

MF59 (oil-in-water  AS03 (oil-in-water CPGODN 1018 was  Lipid nanoparticle

(w:;::::’_ ;?:{:’..:T:l;n) emulsion) was first  emulsion) was first  first licensed in _ (LNP) was first
ins liveniad licensed inhuman  licensed in human  human vaccine licensed in human
vaccine (Influenza)  vaccine (Influenza) (HBV) vaccine (COVID-19)

CPG
ODN 1018

2005 2017

Notes:
Adjuvants marked in

red are those that

AS04 ASO1 have been licensed
The adjuvant The adjuvant effects AS04 (composed of AS01 was first  In human vaccines
effects of alum of bacterial detoxified LPS and alum) licensed in human
were first lipopolysaccharides  was first licensed in human vaccine (Zoster)
discovered (LPS) were reported vaccines (HBV and HPV)
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Adjuvanted vaccines
MF59 ASO3 AS01
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TLR agonists

Other adjuvant
L A~ /\A/\/ combinations

MPL Flagellin CpG

:C:Qt"

Design strategy Pathogen Vaccine information
High-dose vaccines Influenza virus Fluzone * (provide four times more antigen)
Multivalent vaccines Streptococcus PCV13 (13-valent pneumococcal conjugate
pneumoniae vaccine)
Streptococcus PPSV23 (23-valent pneumococcal poly-
pneumoniae saccharide vaccine)
Adjuvanted vaccines Influenza virus Fluad * (containing MF59 adjuvant)
Influenza virus Pandemrix® (containing AS03 adjuvant)
Influenza virus Containing Matrix M-1 saponin complex
adjuvant
Influenza virus Containing TLR 7/8 agonist resiquimod
Herpes zoster Shingrix * (containing AS01 adjuvant)
Respiratory syncytial virus  Arexvy * (containing ASO1 adjuvant)
SARS-CoV-2 TLRS agonists synergizes with aluminum
hydroxide adjuvant
Inhibiting chronic inflammation / p38 MAPK inhibitor
/ mTOR inhibitor (rapamycin)
/ COX-2 inhibitor
/ NF-xB inhibitor

Inhibiting immunosenescence

SARS-CoV-2 or influ-

Spermidine (Dietary Supplement) to restore

enza virus autophagy in T and B cells
Influenza virus Metformin to restore autophagy in T and
B cells
Streptococcus Metformin to restore autophagy in T and
pneumoniae B cells
mRNA vaccines SARS-CoV-2 BNT162b2 and mRNA-1273
Boost vaccination SARS-CoV-2 A third booster dose
Delayed interval vaccination SARS-CoV-2 The interval between the two doses was
extended from 3 weeks to 11-12 weeks
Intradermal injection Influenza virus Intanza * (increase antigen presentation)
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» Influenza
» RSV

» VZV

» HBV

» Malarya

» SARS-COV?2
» Pnomokok




MF59

» Yag icinde su emulsiyonu MF39'u (skualen
yaginin yag icinde su emulsiyonu) icerir.
MFES9, sitokin ve kemokin salgilanmasini indukler,

monositler ve notrofilleri enjeksiyon bolgesine ceker ve
antijenlerin lenf diigiimlerine tasinmasini tesvik eder.

» Fluad® influenza

1997 yilinda Italya’da lisans
Yash bireylerde etkili

Enfeksiyon oranlarini ve Hastaneye yatislar1 azaltir

influenza virisu antijenine 6zgti antikor miktarini ve
serum konversiyon oranini 6nemli dlctide artirir.

Ciabattini, A. et al.Vaccination in the elderly: the challenge of immune changes with aging. Semin.
Immunol. 40, 83-94 (2018).
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ASO3

» a-tokoferol bilesenleri icerir

» LN’da inflamatuar sitokinlerin ve kemokin
kodlayan genlerin ifadesini gticli bir sekilde
artirir

CD4+T hucre yanitini aktive eder, notralize edici Ab
ve daha fazla bellek B hiicresinin stuirekli Giretimine
yol acabilir

Morel, S. et al. Adjuvant System ASO3 containing a-tocopherol modulates innate immune
response and leads to improved adaptive immunity.Vaccine 29, 2461-2473 (201 1).

» Infleunza asilarinda (Pandemrix® ) kullanilir ve
yaslilarda immunijeniteyi artirir
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ASO1

» Saponin QS21 ve TLR4 agonisti monofosforil
lipid A (MPLA) kullanan lipozom bazli bir asi
adjuvan sistemidir.

Humoral ve selluler immuniteyi artirir

Dendouga, N., Fochesato, M., Lockman, L., Mossman, S. & Giannini, S. L. Cell-mediated immune
responses to a varicella-zoster virus glycoprotein E vaccine using both a TLR agonist and QS21
in mice.Vaccine 30, 3126-3135 (2012).

» MPLA, TLR4 aktivasyonu yoluyla APC'leri
dogrudan aktive edebilir, bdylece kostimuilator
molekul ekspresyonunu ve sitokin
salgilanmasini uyarabilir.

» QS-21, subkapsuler sintis makrofajlarinda
kaspaz-1'1 aktive eder ve sitotoksik CD8+T
htuicrelerini aktive eder.
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ASO1 Etki Mekanizmasi
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MPL ve QS-21 ayni hiicre lizerinde
ayni anda veya farkl hucreler
uzerinde etki gosterebilir.

Kemokinler salinir, gesitli DC
populasyonunun infiltrasyonu.Yerlesik
makrofajlar aktive olur.

DCs ve M'lar IL-12 ve IL-18 salgilayarak
dogal bagisiklik aktivasyonunu guglendirir,
yerlesik NK hucrelerini aktive eder.

Bu etkiler Ag-spesifik TL olusumuyla
sonuclanir ve bu da BL
aktivasyonunu/olgunlasmasini destekler.

Gugli CD4+ TL ve humoral yanit olusur.
26.04.2025



ASO1

» Adjuvanh rekombinant herpes zoster asisi
(Shingrix ® ) ASO1 ve glikoprotein E icerir;

» 50 yas ve Uzeri kisilerde %97 oraninda etkili
bulunmustur.

Lal, H. et al. Efficacy of an adjuvanted herpes zoster subunit vaccine in older adults. N. Engl. J.

Med. 372,2087-2096 (2015).
Adjuvant Su;pontloh“

Lyophlllud- E Antigen
Component rpowﬂnr : Vial 2 Component (liquid): Vial 1
Beown Cap “ Bive bumC’ -

Sterile Syringe
Sterile Neeodie of
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TLR agonostleri

Triacyl lipopeptides  Diacyl lipopeptides Flagellin LPS
TLR2-TLR1 TLR2-TLR6 TLR4
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TLR agonostleri

» CpG-ODN,
TLR9'u aktive eder
B hiicrelerinin cogalmasini ve aktivasyonu

CpG-ODN
Adjuvan

Al-Adjuvan

2 E07 2 doz

HEPLISAV-B.

%70-90 %90-100
Yash yetiskinlerde daha yUksek serum koruma
seviyeleriyle sonuclanmistir

Lee, G. H., & Lim, S. G. (2021). CpG-Adjuvanted Hepatitis B Vaccine (HEPLISAV-B®) Update. Expert Review of
Vaccines, 20(5), 487-495
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TLRS agonistleri

» Flagellin bagimli TLRS ekspresyonunun ve
sinyallemesinin, genc bireylerdeki
makrofajlarda gortlenlere benzer sekilde, yaslh
bireylerdeki makrofajlarda da iyi korunur

» Yash farelerde; Flagellin ile adjuvanlanmis
pnomokok yluzey proteini A asisi,

Daha yuksek duzeyde spesifik IgG ve IgA tepkileri
uretti ve Streptococcus pneumoniae'ye karsi yuksek
bir koruyucu etki gosterdi

Flagellin bagimli TLRS, yash yetiskinler icin umut
vadeden bir immun adjuvandir

Lim, J. S. Flagellin-dependent TLR5/ caveolin-1 as a promising immune activator in immunosenescence. Aging Cell 14,
907-915 (2015).
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TLR

» TLR4UUn hedeflenmesinin, MAdCAM-1+ stromal
huicre aktivasyonunu artirarak bagisiklamaya
kars1 GC yanitini tetiklemektedir

Denton, A. E. Targeting TLR4 during vaccination boosts MAdACAM-1+lymphoid stromal cell activation and promotes the
aged germinal center response. Sci. Inmunol. 7, eabk0018 (2022).

» TLR7/TLR8 ve TLR4 kombinasyonu yash
yetiskinlerdeki DC'lerde daha yuksek sitokin

salgilanmasina yol acar

Bu sinerjik etki, MyD88 ve TRIF-bagiml sinyal iletim
yollarinin kombine aktivasyonundan kaynaklaniyor olabilir.

Zareian, N. Triggering of toll-like receptors in old individuals. Relevance for vaccination. Curr. Pharm. Des.
25,4163-4167 (2019).
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Kronik inflamasyonunun engellenmesi

» Asillamadan 6nce bazal inflamasyonun
diizenlenmesi, bagisiklik tepkilerini ortaya
cikarmak icin potansiyel aday

» Asilamadan 6nce

p38 mitogen aktive edici protein kinaz (MAPK) veya
mTOR inhibitorleri uygulanarak yaslilarda kronik
inflamasyonun azaltilmasi1 amaclanmistir.

Lokal rapamisin tedavisi antikor titresinde %20 artisa ve

inhibitéor CD4+ ve CD8+ T hucrelerinin sayisinda azalmaya
yol acti.

Mannick, J. B. et al. mTOR inhibition improves immune function in the elderly. Sci. Transl. Med. 6,
268ral79 (2014).
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Kronik inflamasyonunun engellenmesi

» Quercetin
Polifenollerin flavonoid grubundan bir bitki flavonolt

Bircok meyve, sebze, yaprak, tohum ve tahilda bulunur;

kapari, kirmizi sogan ve kara lahanada boldur
-

» Metformin

Keci sedefi

» Spermidine
alifatik poliamin
Eskimis peynir, mantar, soya Urunleri, baklagiller, misir
ve tam tahillar

» Epigallocatechin gallate (EGCGQG) — yesil cay

anti-inflamatuar, antioksidan, antitimoér ve anti-
bakteriyel aktivite
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