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Figure 3 | Acquisition of the microbiome in early life by vertical transmission,

Figure 1| Compositional differences in the microbiome by anatomical site. and factors modifying mother-to-child microbial transmission. Through

Cho 1., Blaser M. The human microbiome: at the interface of health and disease. Nat Rev Genet 13, 260-270 (2012).

+ «Patojen baskisi» immun sistemin gelisiminde son derece énemli Slmblyont Aracili Bag|§|kl|k
« Ancak immuin sistem «patojenlere karsi savunman»nin gok Gtesinde ) g‘”]bi?”t Aracilibagiikdik iid gekiidadic Degrudanyerdolayl.
i inti * Dogrudan:
|§IeVIere Sahlptlr . <<K€loniza|§yon Idiren_cb;j =hSimbiyqn,f nl;ilkr%orlgani%malar (flora), bir nisi isgal ederek o
= 2 = 2 ; sahayi yabancilar igin daha az érisilebilir hale getirir
* Dogal bag|$lk|'gm .ek gorevlen * Var olan besin kaynaklarini tiiketerek patojen bakterinin gogalmasina engel olur
* Doku homeostazisi « Urettigi maddeler ile patojeni hedef alir, zayiflatir, Slduriir
o Qi H + Bu fenomen, 1960'lar ve 70'lerden beri bagirsak mikrobiyotasi igin tanimlanmigtir.
SImnyOZ. . Omurgasizlarda ve bitkilerde de mevcuttur.
» Pek ¢ok fizyolojik isleviler * Dolayh = Konakg! araciligi ile . .
« immiin sisteme yard|mCI mekanizmalar . dYg{‘lg%li(rglélrior?al?élrgwe\ﬁli’ll_!g1, konakgly! potansiyel olarak saldiran patojenlere kargi
. G + Bagirsak simbiyontlari, gelisi d kozal bagisiklik sistemini
Hgstgllga kar§' t°|er?ns o@%quls%msgsmlly Sgaﬁpvgebla?gl;%lillzassligteamni’#inogaazala dggy)des:kﬁtqqelggesini saglar.
« Simbiyont aracili bagisiklik . ﬁimbtie/oRtllar ayrica kon‘(akgll%(In rggtlaboligmasmlkdql?yll.o!arakfi{il,estiTerek
+ Davranigsal bagisiklik savagmak igin kullanabileceg: eneri kaynakarii artinr. o

Pradeu T, Thomma BPHJ, Girardin SE, Lemaitre B. The conceptual foundations of innate immunity: Taking stock 30 years later. Immunity. 2024
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PAMP = Pathogen Associated Molecular Pattern
= MAMP = Microbe Associated Molecular Pattern

= Nukleik asitler, proteinler (pilin, flagellin gibi), hticre duvar lipidleri (LPS, LTA), mannan, glukan...

Mikroplarin Girisi

DAMP = Damage Associated Molecular Pattern

< Hasar iligkili molekuler patern, dedgisime ugramayan motifler
= IsiI sok protein, monosodyum urat, ATP

- Enfeksiyona bagli hicre hasari

= Steril hticre hasari = kimyasal toksinler, yanik, travma, kan akisinda bozukluk
= Apopitoz ile 6len hicreden genellikle DAMP dékulmez
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Figure 3. Common principles of innate immune effector mechanisms

Immune effectors involved in innate immunity rely on a limited number of mechanisms that revolve around a few principles. (A) Destruction of the radically different
(e.g., anti-microbial peptides recognizing negatively charged membrane of bacteria), (B) Anti-virulence, (C) PRR-assisted elimination (e.g., complement activation
guided by C3b binding to pathogen or phagocytosis of opsonized microbe), (D) Suicide of the infected cells, and (E) Nutritional immunity.




DOGAL BAGISIKLIK MEDYATORLERI

DEFENSINLER Lizozim

. . . . . . + Sisteinden zengin sitotoksik peptidlerdir + Makrofaj ve nétrofil sitoplazmik grantillerinde var [ I - ® Compiomont
[ ) D efe n S I n - L I Z O Z I m - Kate I I S I d I n + Sahip o\duklarl disulfit baglarina gére : Alfa ve beta defensin « Gozyas, tukirik, mukus, siitte bol miktarda bulunur | wseasscunum M- tanmasome
* Yapisi %‘emokfne benlzer * Yumurta beyazinda bol miktarda var p f |
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+ Mukozal epitel hicreleri, notrofil, makrofaj, NK ve CD8'ler tarafindan tretilir 12 Shpe mcrtis parcalar, bakteri lizisi gergeklegir ( el ' ~ PAvEae |
+ Ince badirsak kriptalarindaki Paneth Hiicrelerinin rettigi alfa defensin: o Pt n ol 2 i’ y
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@ o C1q Mannose Ficolin
. Pathogenic blndlng

Apoptotic Bacteria 8
- \ lectin
’\"’Y ComplemeerLL .
Activation ¢ TP

Kisa zincirli pentraksinlerden :
IL-6 ve IL-1'e yanit olarak hizla yukselir g ol ey B

Bakteri, mantar ve apopitotik hucre A ul \ A i : ; il

yuzeyindeki fosforilkolin’e baglanir ' / [

C1q Uzerinden klasik kompleman yolunu Microbial 1gM antibody Mannose N-acetylglucosamine
aktive eder surface on microbe on bacterial cell wall

Enflamasyon baslangicinda 4-6 saat antigen surface

icinde yUkselir, 36-50 saatte zirveye cikar,
yari omru 18-24 saat




Intestinal
epithelial cell

NTNF-o. recognition ?
\IL-6 =IL-10

NIFN-y /TGF-B

J U

Prevents pro-inflammatory responses and | Mostly excludes pathogens and maintains non- |

contributes to preserve the epithelial barrier pathogenic bacteria (commensal microbiota)

@ Glycan E Tight junctions .&. SC &> Commensal bacteria
De-ag igA *. Dendritic cell -&. plgR @ Pathogenic bacteria

Abbas Cellular and Molecular Immunology, 2017
Viantis, N. Secretory IgA's complex roles in immunity and mucosal homeostasis in the gut. Mucosal Immunol 4, 603—-611 (2011)



Dogal
Bagisikhigin
Lenfositleri*

(*Dogal Lenfoid hiicreler degil)
I

T lenfositler B lenfositler

: iy i} YC (Gama-Delta) intra-epi N : i
iNKT hcreler MAIT hicreler t_ra i) B-1 hiicreleri Marj__lnal zon .
T hiicreler hiicreler (a-p) hicreleri
Gamma-delta T hiicreler intra-epitelyal T hiicreleri
« Timustan yd TCR ile gikarlar * TCR var ama reseptor gesitliligi

« CD3+CD4-CD8- = & s sinirli

Intraepithelial Lymphocytes (IELs)

e * Cunki TCR genlerinde VDJ yeniden food Pathogenic
+ Kandaki I6kositlerin <%1 diizenlemesi yok. Germline kalitm "™ Commensa & bactenia
* Mukozalarda bol - intra-epitelyal hiicreler meveut. epithelial cell, YR =) dx Mo

* MHC-Il ile sunulmayan, peptid olmayan

« Ylizeylerinde CD1 molekdlleri var
antijenlere yanit verirler

« Mikroplarin glikolipid antijenlerine Olololo OO OOlOlOlOIO,
« Cd1a,1b,1c,1d ile bagl antijenlere yanit verirler yapigip tanfyor B v ol @ @ ki
mesela « CD1 yapi olarak beta-2 response to AT e ho
mikroglobuline gok benzer pathogen indicsc e 1L [epised antgens )
« Stafilokokkal enterotoksin A, listerolizin, isi-gok g ¢ tress anti L
proteini... IELs protect the
epithelium against
s
leukocytes

PMIO: 21681187

Cok sinirli sayidadirlar, ¢cok sinirli antijen cesitliligine sahiptirler



Dogal antikorlar
Dogal bagisiklik ile

Adaptif bagisikligi birbirine baglar

Dogal antikorlarin
2 hucresel kaynagi
ve
7 fonksiyonu -

' o Y T

QO-%F

B-1 B cells MZ B cells
(Peritoneum, (Spleen)
Spleen,

Bone marrow)

r’

Pathogen neutralization

Complement activation

BCR
3 = Antigen recruitment
to secondary
lymphoid organs

cell-mediated cytotoxicity

(nigM)

Apoptotic cell
phagocytosis

ATeFg1  Controlling
VINF, iL1p  Inflammation
-8

Prevention of auto-immunity

Immune regulation and
homeostasis

Natural Antibodies Bridge

Innate and Adaptive Immunity

Saswati Panda and Jeak L. Ding
http://www.jimmunol.org/content/194/1/13
doi: 10.4049/jimmunol.1400844

JImmunol 2015; 194:13-20; ;



Bakteriyi nasil taniriz?

 DNA'sindaki tekrarli metillenmemis
CpG nukleotid dizilerinden

 Proteinlerinin N-formil metyonin ile Anibod
baslamasindan L e el L

. LPS, teikoik asit gibi ylizey 4\ I f e P
Fc

IL-2

karbonhidratlarindan
« Mannozdan zengin glikanlardan

* Fosforilkolinden » IFN-y
- Iste CRP bu yapiya baglanir! N “
receptors -
- CcD62
.@. CR1 cD11/18 Endothelium
N - v 1 Selectin and

Complement integrin receptors

C3b receptors
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-
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lCaspase 17

CO0 —» O
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TLR 3 Defekti > Rekurren Herpes Ensefaliti

CARD9 mutasyonu - Sistemik ve rekurren mantar enfeksiyonu
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Cytokine
productior

Nature Reviews | Microbiolog



AKUT PYOJENIK ENFEKSIYON ve ENFLAMASYON

Steps of the
Inflammatory Response
The inflammatory response is a body’s
second line of defense against invasion

by pathogens. Why is it important that

clotting factors from the circulatory sys-

tem have access to the injured area?

; &z
_.!3 Dmagcd mwu %
casé Mmm

FI Histamines canse capile
laries 1o leak, releasing
phagecstes and clotting
factors into the wound iy

pr—

el -

B Phugoevies engulf
bacteria, dead colls,
and celtular debris.

£l Platelets mose out of
- the capillary to seal the
~wounded area.

Acil Uyar Sistemleri
3 proteolitik kaskad:

» Kinin-Kallikrein

= Vaskuler gecirgenligi ayarlar
» Koagulasyon
» Kompleman

13
http://vet.uga.edu/ivevm/courses/VPAT5200/03_inflammation/02_acute/inflamm02.htm
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Signs of Inflammation
C1 inhibitor —()— - Pain
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KOMPLEMAN SISTEMI

"~ Initiation of
complement ; : . ;
activation Early steps Late steps

P, C3b is
Classical % \_’
pathway Antibody

deposited Membrane attack
Microbe /
Alternative J
pathway 73J
Mannose

on microbe complex (MAC)
N DCS& S \ Vand CiE D
[ /\/‘ ‘ D <03b\)/03b’, 3 . e b
&)
binding lectin

D & Effector C3a: C3b: C5a: Lysis of
Lectin "S5~ functions Inflammation | | opsonization and | | Inflammation microbe

pathway O phagocytosis

folels --:v::x::-::)f‘-‘ LOOVOOOIQ
LW

Inaktif preklrsor enzimler (zimojen) = Aktif proteaza donusir = Bir sonraki proteinin klivajini saglayarak proteolitik
hale getirir. 2-3 dakika icinde milyonlarca C3b molekulu mikrobiyal ylUzeylerde birikir.
Bol miktarda C3a ve C5a Uretilir = Kemotaksi, vazodilatasyon: Notrofil gocu!
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Rolling adhesion| Tight binding Diapedesis Migration

Endothelial cells
Capture Rolling Firm adhesion
CXCL8R
(IL-8 receptor)
sleX —& Onii LAy :65) :
E- :-oo u ICAM-1 E - selectin P - selectin
selectin 2
” 7 Active endothelial cells
O O O Fibronectin
= 3 Collagen
CD31 O
chemokine !
CXCLS (IL-8) , bacteria :
Figure 2-44 part 3 of 3 Immunobiology, 6/e. (© Garland Science 2005)
Degranulation Phagocytosis
Bacteria -~ Lysosome
o P

Phagosome/ 8% ©
- S o
7\ 0
/&\ = 2% ©
\ J B
T 7’% \ ©
|‘\ ‘ “/Ir

s S/

Phagolysosome

Notrofil Cevabi Nasil Durdurulur?
Notrofillerin dolagimdaki yari omru yaklasik 6,5 saat iken dokuda bu sure 4-5 gune uzayabilir. Yasl hucreler doku makrofajlari
tarafindan temizlenmeden once spontan olarak apoptoza ugrayabilirler. Apoptotik notrofiller doku makrofajlarinca taninip yok edilir.
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Bacteria

7

Opsonization and
- Fc receptor-

E— ‘\}fk “ e ‘,\ mediated
\ / & P <" | phagocytosis
) "?" B
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Phagocytosis |
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activation 4 \
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—_— activation =
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S \ Various | 5 &
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Hiicre dis1 mikroplara (Or. bakteri ve toksinlerine) karsi adaptif immun yanit:

A. B hucre - Notralizan antikor Uretimi
B. Dendritik hucre - Enflamasyon, makrofaj aktivasyonu, B hlcre yanit



Sinirsiz gu¢ Gug degildir
Lepramatoz lepra
Tuberkuloid lepra




Makrofa] Aktivasyonu

« Klasik aktivasyon - M1 makrofaj - Etkin mikrop oldurucu

 Th1 yaniti= IL-12, IL-15, IL-18 = NK, T ile B hiicrelerinde INFy yapimi artar
* INFy ve ccsr = Makrofaj, DH ve PNL'de FcyR1(CD64) uretimini artirir
* FcyR1 - I1gG1 ve IgG3'u gucli baglar
« Opsonize patojenin fagositozu artar, iltihap alevilenir

 Alternatif aktivasyon = M2 makrofaj = Doku onarimi - Daha fazlasi var...
« Aktive Makrofajlar gelen Mikrobiyal uyariya gore sekil degistirebilir:
- Epiteloid hucreler - Epitel hucresi gibi dizilim = Dev sitoplazma

« Multinukleer dev hucreler - Aktive makrofajlar birlesir >Mikobakteriye,
smdlrllemeyen yabanci cisimlere yanit : GRANULOM!

Mycobacterial granuloma formation

MHC class i

Epithelial
Transmon

T Ill
J MHC class | *
peptde
4 ox




M. tuberculosis
o N Cal Fagozom maturasyonunu bozar
. ESAT-6 araciligi ile M1 tipi makrofaj yanitini indukler
: INNATE Th1 + M1 + dev hucreler > Kazeoz granilom
ol e ESAT-6 : M1 > M2 polarizasyonu )
Non-kaze6z granulom: Enfekte M2 + Treg + B hlcreler +
ars 0 | Neutrophil Apopitotik makrofajlar
'“ » . " [l n -
carg | PTGt K| Ve KFL4 (transkripsiyon faktoru) - fagozom — lizozom
Froopdirom K o fizyonunu bozar, otofajiyi dnler ve M. tuberculosis
e en 'QJ Thi cells 1 1
Pomoriedgiay . kroniklesir / latent kalr
© cells
. :hz::'ells
ESAT-6 drives switch of M¢ polarization from M1 to A p | Trescels
M2; KLF4 & C/EBPJ Induces M2 differentiation cie it
X ;Tate"i adaptive s B | Awowtetichnd L1 IL-10
Immune cells creating a | & I IL-6 TGF-B
bactericidal Granuloma W | Foeme IL-12 IEN-Y
- IL-23 CCL-24
Later stage with pefsistent L] NecroticMd TNF-a KLF4
infection - o Cox-2 C/EBPB
l | EJ .' Wiehdue CXCL-10 g::?;se-l
- s Giantcells 21?“1 STAT6
STAT2 L6
ADAPTIVE KLF4 Irlntza
K== vmune 1C,EB,,,, NO
RESPONSE
(M1, Pro-inflammatory) » (M2, Anti-inflammatory)
Non Caseous Granuloma Caseous necrotic Granuloma Anti-Mtb Pro- Mtb

Fig. 2. Cytokines and mediators involved in Anti-Mtb response & Pro-Mtb response.The upregulated cytokines and mediators are shown with upward arrows and the

Fig. 1. Mth invasion and granuloma formation; (A) Mth entering through airway mucosa are phagocytosed by alveolar Mps; (B) These alveolar Mgs then release downregulated ones with downward arrows during M1 and M2 polarisation.

BCG Asisi = TLR 7 ve 9'u uyarir > NFKB - Kromatin yeniden programlanir - Dogal Bagigik yanit «farkli solunum
enfeksiyonlarina karsi» EQitimli hale gelir: Trained Innate Immunity. Rekombinant Mtb asi calismalari...

J. Ferluga, et al. Natural and trained innate immunity against Mycobacterium tuberculosis. Immunobiology 225 (2020



Viriise Karsi Imnmiin Yanit

Tip I Interferon Yaniti

Production of IFNs induce expression
Type | IFN of enzymes that
e ——— block viral replication
iath o e N,
[”. * ..“'. b receptor ‘ ’
-0 -0 -0 =
\ e @
*l-
Viral
replication
Tip 1 INF: Virts, timoral protein... barindiran s
hiicrelerin cogalmasini «interfere» edip engeller ”
. e .- . o Inhibition of viral
INFa - virusle enfekte hucreyi dogrudan durdurur Inhibition of viral | [Degradation ‘moxpnulonmdl
INF B > makrofaj ve B lenfositleri savasa hazirlar ol Sy G v A B




Vl ru% :lnnate immunity:

Type | IFN &
e

Antiviral
state

N, s 5 | :
%L Killing of
Infedted cell ""fggntfd

' Adaptive immunit)L

Protection
against
infection

Eradication |
of established
infection

CD8* |nfected
CTL cell

——--—————_——-——--

infected

cell

How Do CD8*T Cells

Th1 yaniti= IL-12, IL-15, IL-18 -
NK, T ile B hucrelerinde INFy
yapimi artar

INFy - Hedef hucrede FAS antijen

(CD95) yapimini artirir
CD8'ler FasL ile baglanip oldurar

1
FIGURE 6.8 Innate and adaptive immune responses against viruses. A, [Kill Infected Cells? % & ot
and adaptivp immune responses to a virus infection. B, Mechanisms by which innate and
prevent andleradicate virus infections. Innate immunity is mediated by type | IFN, which ‘
and NK cell§ which eliminate infected cells. Adaptive immunity is mediated by antibodies
block infectipn and kill infected cells, respectively.
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EBV, CMV : Proteozom aktivitesini bozar
HSV : TAP Transportunu bozar

CMV : MHC-I'in ER iginde kaybina neden olur
IL-10 benzeri protein ile CD8 aktivitesine engel olur

Receptor binding (

NN release
Reverse
transcription

MAYAK Viral DNA

Bazi HLA alelleri
Enfeksiyonun ilerlemesini durdurur

Life cycle / Immune response
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@ Release
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HLA-I lokusu: HLA-
B*57 ve B*27 allelleri
CCR5 geninde - AIDS’e ilerlemeyi
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ANTIJEN SUNUMU

1. sinyal: Antijen
: -

..". -.‘.

Antijen Sunumunda Nihai Amag:
Notralizan ve Opsonizan Antikorlar

CD40L — CDA40 birlesmesi ile
Izotip IgM = 1gG’ye degisir

and other cytokines

lcﬁ.

Helper T-cells stimulate the progeny of IgM+ IgD
@ B cell
(isotypes) initiated by CD40L-mediated signals
IFN-y] cylokines, e.g. TGF-B

(%) <>
ISOTYPE SWITCHING
e et e e e eoee
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[Naiv T hicre uyariminda ¢ok 6enmli, efektor ve hafiza T hicrenin re-stimilasyonunda ¢ok dnemli degil]

3. sinyal : sitokinler
[APC’lerden salinip naiv T hucreyi efektor T hucreye yonlendirir]




IgG’nin yari omru
neden uzundur?

IgG Anneden bebege
nasil gecer?




From: Defining the balance between optimal immunity and immunopathology in influenza virus infection

Mucosal IgA

} jf ~ Viral Enfeksiyonda Immiin Yanit
(ﬂ Q\@ Ornek: Influenza

o ™ ¥ ® o ¥ o

Airway epithelial cells

Antiviral Zle it (rr;sgi:izrs 2 o E e olle Cytotoxicity
aeier A SUEHEIS s / \ / ;\;twir;l. \
Q \ cytokines . H7N9 Kus gribi (2013, Sangay, Cin)—=>
s . ~Z / L4 N Yiksek IL-6, IL-8 ve IL-10
veotar macrophage eftector
Resident cells Thsiis Teal seviyelerinin yol actigi
infiltration tion . . . . .
'&‘%;Zue hipersitokinemi, enfeksiyondan
M olumle iligkilendirilirken, duguk
ey }ﬁ m\ P /\ SN S TISEISHITITIEN, O1s
}5#& ( > N sitokin seviyeleri ve belirgin CD8+ T
c;z{';Téu ? Beel :;C‘;zzﬁé ce“:"" Neutrophil ~ MAIT cell v6Tcell NKcell ca T cell coa?""d' Dc\‘\\ .h.ucrgs_l yanltlarl’ Iylle$mey|e
Germinal centre Blood Draining lymph node I|I§k|||d|r
COVID ile Influenza benzer.
Immune responses to influenza virus infection involve a plethora of innate and adaptive immune cell activity within the respiratory tract, blood and lymph

nodes. In the respiratory tract, resident alveolar macrophages and early infiltrate of neutrophils and natural killer (NK) cells are present to kill virally

Viruses 2019, 11, 762

infected cells. Infiltrating mucosal-associated invariant T (MAIT) cells and y6 T cells can produce the potent pro-inflammatory cytokine IL-18, which

promotes immune cells to produce antiviral cytokines such as interferon-y (IFNy). Mucosal IgA present in the respiratory tract can limit virus spread.

Nguyen T.H.O. et al. Defining the balance between optimal immunity and immunopathology in influenza virus infection. Nat Rev Immunol (2024).



Normal Cell

HIV enfeksiyonunda enfekte olmayan hugrelerin 6lum sebebi: -

Enfekte hucrelerin piropitozu

\ ~AAAN Death stimulus

Apopitoz versus Piropitoz

Apopitoz ile nekroz arasindaki en temel
fark apoptotik hucrenin sitoplazma zari
bozulmadan once, komsu saglikl
hucrelerden farkli olarak ve vicutta
yabanci (non-self) olarak algilanmasina
yol acacak morfolojik degisiklikler
gecirmesidir.

Piropitoz, enflamatuar kaspaz 1 'in agresif
sekilde aktivasyonunu takiben hucre lizisi
ile pro-enflamatuvar programlanmis bir
hucre olumuaddr.

Bu, apopitoz ile piropitoz arasindaki
temel farktir.
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Virus iligkili otoimmunite
[Otoreaktif T lenfositler var!]
» Molekuler benzerlik : Capraz reaksiyon
» Bystander Aktivasyon: Non-spesifik agiri
» immun yanita bagli doku hasari -
self antijen ve enflamatuvar sitokinler
> Epitop sa¢ihimi: Viral hasara veya
Non-notralizan antikorlarin yol agtigi hasara
bagl epitop sacilimi

Timustan kacan Oto-reaktif T Hicreler

[ Normal thymus ‘ AIRE-defici
- RANKL-blo k d lhymus

Getts et al. Immunol Rev. 2014
Maria K. Smatti et al. Viruses 2019

B- Bystander activation

Sel Li:ﬂenf ) A{: ///f

A- Molecular mimicry

Self antigens presented on APC

Self antigens activate autoreactive T cells
= MHC I

1 ] W

6 =
s A

MHC |

4

> Self antigens released

from damaged tissue

o Viruses carry antigens structurally o Cross reactive response against

o MNon- specific anti-viral
similar to self antigens self and non-self antigens

response/ inflammation

C- Epitope spreading

self antigens

o Self antigens presented on APC

dr activate autoreactive T cells
gk
Virus .
cytokines o T-cell response spread to other \ o More tissue damage and release
. autoreactive T cells of new self antigens

J o Persistent viral infection

l'

Figure 1. Mechanisms of virus-induced autoimmunity. (A) Molecular mimicry model: (1) Viruses carry
epitopes structurally similar to self-epitopes. (2) Presentation of viral epitopes by antigen presenting
cells (APCs) activate autoreactive T cells that bind to both, self and non-self-antigens, and induce tissue
damage. (B) Bystander activation model: (1) Non-specific and over reactive antiviral immune responses
lead to the liberation of self-antigens and release of inflammatory cytokines from the damaged tissue.
(2) Self-antigen is taken up and presented by APCs. (3) Autoreactive T cells activated by APCs, leading
to tissue destruction. (C) Epitope spreading model: (1) Persistent viral infection. (2) Continued tissue
damage and release of new self-antigens.

(3) Self-antigens are taken up and presented by APCs.
(4) Nonspecific activation of more autoreactive T cells leading to autoimmunity.




Viral Enfeksiyonlar ile Iligkilendirilen Oto-immiin Hastaliklar

Table 1

Examples of viral infections that have been linked to autoimmune diseases in different organisms.

Acute disseminated encephalomyelitis

Influenzz

Homo sapiens

Bystander activation &

molecular mimicry

e owm rommame [

Sanderson et al., 2017 [100]

Autoantibodies in acquired

immunodeficiency syndrome

Human Immunodeficiency

virus

Homo sapiens

Bystander activation

Root-Bernstein et al., 2017
[L01]

Autoimmune demyelinating disease

Semliki forest virus

Mus musculus

Mokhtarian etal, 2012
[102]

Autoimmune encephalitis

Herpes simplex virus

Homo sapiens

Molecular mimicry

Bradshaw etal., 2015 [103]

Autoimmune hepatitis

Esptein-Barr virus

Homo sapiens

Molecular mimicry

Cabibi et al., 2008 [104]

Maria K. Smatti et al. Viruses 20109.



2, '] S N
~ Pulmonary _ Bystander Slight-Webb et al,, 2015
inflammation in Influenza A virus Mus musculus activation & [132]

i £ ] lupus-prone mice epitope spreadin
Autmmm}lrte Coxsackievirus B3 Mus musculus Bywlstanulder Rose, 2011 [104] D et 5
L OCA L it gotivation . ] o o Bystander Ramos-Casals et al.,
Sjogren syndrome Hepatitis C virus Homo sapiens tivati 2005 [133]
. L Human herpesvirus . . - activation .
Autoimmune thyroiditis Homo sapiens - Caselli et al., 2017 [107]
6A (HHV-6A) . . . . Deshpande et al., 2001
Stromal keratitis Herpes simplex virus Homo sapiens - [134]
Cryoglobulinemia Hepatitis C virus Homo sapiens - Ogishi et al., 2016 [108] ;
- . ) ) Farooq and Shukla,
Encephalitis (Human ) . . o Armangue et al., 2014 Stromal keratitis Herpes simplex virus Homo sapiens - 2012 [135]
. Herpes simplex virus Homo sapiens Molecular mimicry -
herpes encephalitis) [109] Gounll and M
. . ’ Symmetric polyarthritis ~ Chikungunya virus Homo sapiens Epitope spreading *oupll and Yores,
Encephalitis and chronic H . , \ Kothur et al., 2017 ’ 4 ’ 2016 [136)
) erpes simplex virus Homo sapiens - ;
neumluﬁmal ﬁuelae |1 10 Svstemic lupus
Encephaliti theni haliti e'r:th mam’:u: Cytomegalovirus Homo sapions Epitope spreading  Chen et al,, 2015 [137]
el sus
cephiatitis, myasthema Japenese encephatitis Mus musculus Molecular mimicry He et al, 2018 [111] -
gravis virus Systemic lupus
Experimental Murine erythematosus in Hepatitis C virus Homo sapiens Epitope spreading  Stélzel et al,, 2002 [138]
. B Casiraghi et al., 2015 porphyria cutanea tarda
autoimmune Gamma-Herpesvirus Mus musculus - [112] z
epcephalomvyelitis 58 S:,;rl::hn;ﬁ;::lopuu: Parvovirus B19 Homo sapiens . Rlbelml ::_:l}all., 2015
Grave's disease Esptein-Barr virus Homo sapiens - Nagata E:t al, 2017 Systemic lupus
[113] 3 PR . . . . Steed and Stappenbeck,
erythematous, lupus Dengue virus Homo sapiens Epitope spreading 2014 [140]
. . . . . o Lucchese and Kanduc, nephritis
Guillain-Barré syndrome Zika virus Homo sapiens Molecular mimicry 2016 114 S — e — S —
(114] . L T Cynomolgus Cashman et al,, 2018
1 2015 Systemic Vasculitis Lassa Virus Macaques - [141]
Hashimoto's disease Esptein-Barr virus Homo sapiens - Janegova _E,E et -
[115] Thrombocvtopenia Hepatitis C virus Homo sapiens - Dahal etal 2017 [142
Immune ) . Bystander
PR nabitic O vire caviens ) Ferri @ 3
thrambocybopenia, Hepatitis C virus Homo sapiens ) Tampa::_c{;:;[c!l Il({:;skmas, Thyroiditis Hepatitis C virus Homo sapiens activation Ferri et al., 2017 [143]
autoimmune hepatitis or's .
—Peweam:l[-‘eﬂnmn 4 TM[I?. \Lipdug‘?fi, . t‘mg;:;;l:"m;:‘llﬂi Mus musculus Molecular mimicry Olmrglj‘-lﬂlq 1993
Encephalomyelitis Coronavirus Mus musculus - 2002 [117) . emyelinating disease virus [144]
o . . - . - Eizirik and Op de
- Type 1 diabetes mellitus Coxsackievirus H s s Molecul
Induced type 1 diabetes Encepha:‘lr?rr:zrocandﬂm b Mus musculus Molecular mimicry  Choi et al., 2001 [118] ype © diabetes meflitus orsackievirus omo sapiens clefar mimicry Beeck, 2018 [145]
Honkanen et al., 2017 Type 1 diabetes mellitus Coxsackievirus Bl Homo sapiens Molecular mimicry e el. al, 2014
Islet autoimmunity Enteroviruses Homo sapiens Molecular mimicry [119] ! [146]
Type 1 diabetes mellitus Cytomegalovirus Homo sapiens Paketal., 1988 [77
Lung-restricted L . . = = — =
d . Sendai virus Mus musculus - Chiu et al., 2016 [120] vpe 1 diabetes mellitus otavirus us musculus ystander effect ane et al., 2014 [41
— :

- - - - - — — Tvpe 1 diabetes mellitus Enteroviruses Homo sapiens/Mus Stene and Rewers, 2012
Multiple sclerosis Esptein-Barr virus Homo sapiens Molecular mimicry  Guan et al., 2019 [121] ype 1 diabetes melhitus nteroviruses muscalus - [147]
Multiple sclerosis Theiler's virus Homo sapiens - Miller et al., 2001 [122] Cacoub et al., 2014

. Vasculitis Hepatitis C virus Homo sapiens - [148]

. . . . . Sotelo and Corona,

Multiple sclerosis Varicella-zoster virus Homo sapiens - -

Maria K. Smatti et al. Viruses 20109.



Post-Enfeksiydz Immiin Hastaliklara Ornek: REAKTIF ARTRIT

Table 1 Arthritogenic agents associated with the development of

reactive arthritis

Enteric infections

Urogenital infections

Salmonella enterica

Serovars: Typhimurium enteriditis
paratyphi B, C, others

Shigella:

8. Flexneri

S. dysenteriae

S. sonnei

Yersinia

Y. enterocolitica (0:3, O:8, and 0:9)
Y. pseudotuberculosis
Campylobacter jejuni
C. jejuni
C. coli
Clostridium difficile
Escherichia coli: diarrhogenic strains
Bacillus cereus
Amoebae
Cryptosporidium
Giardia lamblia
Helicobacter pylori, cinaedi
Strongyloides spp

Trophervma whippelii

Chlamydia trachomatis
Ureaplasma urealyticum
Myeoplasma genitalium
Neisseria gonorrhoeae
Gardnerella vaginalis

Respiratory infections

Chlamydia pneumoniae

Group A beta-hemolytic
Streptococcus

Miscellaneus

HIV

B-19 parvovirus

Borrelia burgdorferi
Brucella abortus
Calmette-Guerin Bacillus

Chikungunya virus

Box 5
Diagnosis of reactive arthritis

History and physical examination
Prior infection, articular and extraarticular manifestations

Confirmation of triggering infection
Enteric: Stool culture/enzyme immunoassay: Campylobacter, Salmonella, Shigella, or Yersinia
Polymerase chain reaction: C difficile
Genitourinary: nucleic acid amplification of urine or a urethral swab—Chlamydia
trachomatis

HLA-B27 testing HLA —B27: %50-80 Pozitiftir

Acute phase reactants
Modest with genitourinary source; higher when enthesitis present

Synovial fluid analysis
5000 to 50,000 white blood cells per high-powered field; predominance of neutrophils,
negative cultures

Imaging
Plain radiographs: soft tissue swelling, irregular periosteum at entheses; osteopenia, bony
spur formation or joint erosion in chronic disease
MRI: sacroiliac bone edema and inflammation, contrast enhancement of synovia or entheses

Garcia-Kutzbach A, Chacon-Suchite J, Garcia-Ferrer H, Iraheta I.
arthritis: update 2018. Clin Rheumatol. 2018

_ Schmitt SK. Reactive Arthritis.
Reactive Infect Dis Clin North Am. 2017




Mantarlara Immiin Yanit

Box 2 | Fungal infections: morphogenesis and virulence

Dimorphic fungi Opportunistic fungi
. 25°C 37°C Buddlng yeast
lastomyces
dennatit%iis gzg:gg / 2M ans y S gXM h
Cg Ees ke A. fumigatus conidia i Ringaius hypies
5252? tceu C)f: Garmcibe A. fumigatus hyphae Mannan
Coccidiodes 2 Zymosan B—glucan C. {
immitis C. albicans || — == B et B,.g]ucm . alb'cans
yeasts and 1 YCASH BP carink A. fumigatus
C. albicans )
Crypt
PovomanS hyphae |
Histoplasma
k
R IL-1RI TLR2 2| | coisa
|Cell surface
Paracoccidioides z ﬁ Aspergillus
brasiliensis umigatus
Cytoplasm

insanlar mantarlarla stirekli ic ice —— !

* Cogu mantar patojen degil
» Doku hasarina yol acgan virlilans faktorleri l

» Konak dokularina ve ekstrasellller matrikse baglanma 6zelligi, fosfolipaz, proteaz ve elastazlarin Gretimi; =
hicre ici hayatta kalim igin gereken metabolik yollara gegis yapabilme yetenegi; (37°C'de buylime yetenegi Produd'bn of pro-inﬂammatory cy(oldm
{ action of IL-12 by dendritic cells

olan) termotolerans, ve enfeksiyon sirasinda farkl formlarda var olabilme ve birinden digerine déniisebilme

yetenegi. : S oo,
= Dimorfik mantarlar - Konakta saprofitik filamentéz kif formlarindan tek hicreli mayalara dénusgtr 'Mon of resplratory burst and dw e T
+ Candida'nin baz! tirleri, enfeksiyon bolgesine bagli olarak maya, blastospor, psadohif ve hif formlarinda gogalabilir oT ww 1 (TH1)’Od| differentiation

« Cryptococcus neoformans mayalari bir kapstlle kaplanir

Aspergillus spp., Fusarium spp. ve Zygomycetes gibi filamentéz mantarlar, tek hticreli konidyumlar olarak inhalasyonla
alindiklarinda akcigerlerde dallanan hiflere dénusebilirler

+ Metabolik esneklik - Fungal morfogenez gesitliligi : Antijenik gesitlilik, fenotipik ve dimorfik gegiskenlik Nature Reviews I Immunology
« Farkl vicut bolgelerinde fungal enfeksiyonlara karsi pek ¢ok patern tanima ve
effektér mekanizma bulunur




Mantarlara karsi koruyucu bagisiklik:
Makrofaj = IL-12 = TH1-> IFN-y - Aktive makrofaj -
Fagositoz

Opsonizan antikorlar - Notrofil fagositozu

Koruyucu bagisiklik ile immiinopatoloji arasinda denge:
Treg hucrelerin olugturulmasi
IL-10 gibi anti-enflamatuvar sitokinlerin tretimi

Romani, L. Immunity to fungal infections. Nat Rev Immunol (2004)

iD Reaksiyonu

[Egzema disseminasyonu / Oto-duyarlanma dermatiti]

* Th17 farklilagmasinda bozukluk - Kronik mukokutanoz kandidiyazis
HIV 6nce Th17’yi hedef alir... & Yiizeyel Mantar Enfeksiyonlari || * 2iincl uyarandan uzak bolgede ortaya gikan egzantematoz

reaksiyon
. . . . " . « Cogunlukla staz dermatiti veya Tinea pedis ile iligkili
* Enfeksiyonun erken doneminde IL-17A, defensinler ve nétrofiller « T hilcrelerinin, keratinosit hasar fle agiga gikan antienlere
aracilidi ile anti-mantar yanitta rol alirken daha sonraki donemde IL- Kary redlkiif oldugu varseyilyor

+ Otoekzematizasyon

17A ekspresyonu asagi ¢ekilemezse hastalik kronik enflamasyonla
seyreden bir enfeksiyona donusar

* Mantarlara htcresel immiin yanit
+ Mantarlarin ¢gogu olduk¢a immunojeniktir

* Th1 > IL-12 - INFy - Artmis fagositoz - hafif hastalik
* Th2 - Mantar iligkili alerjik yanitlar- hiicresel yanitin baskilanmasi - artmig

antikor yanltl - Th1 yanltlna destek ... Nétra"zasyon’ Opsonizasyon’ ADCC
* GUgll hiicresel yanit: Geg tipte asiri duyarllik (Tip IV) deri reaksiyonu




Innate immunity éu;}zs (j b Z E T

Mucosal surface

Immature
dendritic cell

\Matum on

Innate immune functions
such as phagocytosis and
neutrophil degranuation ’

| Lymphocyte activation

iIL-4 00 | : .
ey | and cytokine release
L5 O 0
. TG—'BO o
iL-10 OO Adaptive immunity

Nature Reviews | Immunology

Patojen olarak taninma:

Dendritik hucrelerde farkh TLR'lere baglanma -
pro-enflamatuvar sitokinler

IL-6 eksik farelerde

antifungal TH1-hucre yanitlari aktive edilemiyor,
IL-10 Uretimi baskin

Kolonizasyon:

Treg hucreleri toleranstan sorumlu

IMMUNOTERAPI

TH1/TH2-hlcre dengesi, immunoterapinin hedefi
olabilir. TH2-tipi sitokinlerin inhibisyonu veya TH1-
tipi sitokinlerin eklenmesi, polienler ve azoller gibi
antifungal ilaglarin etkinligini deneysel mantar
enfeksiyonlarinda artirabilir.

ASI

DH'ler, enfeksiyon sahasindan aldigi mantar
antijenlerini - Lenf dUgumune tasir - Farkl
mantar morfotiplerine karsi farkli Th-htcre
yanitlarini baslatir

Mantar RNA's1 ile transfekte edilmis DH'lerin
allogeneik kemik iligi nakilli fare modelinde
koruyucu antifungal bagisiklik geri getirilmigtir:
Mantar asilari igin DH’ler kullanilabilir



Parazite Karsi Inmiin Yanit

Th1 cell

4
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P’ CD4+ /

* Th1 yaniti

T cell « CD4 - Thl - IL-2, INF-y (Tip 1 sitokinler)
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macrophage | |Cell-mediated  Sitotoksik CD8 T hucrelerin aktivasyonu
activation Immunity . .
\ —_— « Opsonizan antikorlar
T — > [0 te s  Protozoonlar igin gok onemli

e Th2 yaniti

Infection Ou ] « CD4 - Th2-> IL-4, IL-5, IL-13 (Tip 2 sitokinler)
Leishmania Most mouse strains: Th1=f>Recovéfy -, B hucre aktiVaSyonU
major BALB/c mice: Th2 = Disseminated infection * Non-opsonizan antikorlar
FIGURE 16.11 Role of T cells and cytokines in determining the outcome of infections. ° Alerjlk reakS|y0n|ar
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\;; G . - | ba girs ak an)
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Egitimis ) T |
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Invaziv Helmintlere Eozinofil Yaniti
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Fig. 3 Immune responses against invading parasite in the lung.

s IL-5
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Fig. 4 Intestinal ILC2 activation during helminth infection. Adult



DIKKAT : OLGUN BIR PARAZIT, HAYATI KOLAYLASTIRABILIR

Helmint enfeksiyonlarinin endemik oldugu bélgelerde (Or. Sahra-alti Afrika):

Siddetli atopik hastaliklarin sikligi oldukca dusuktar
Siddetli COVID-19 sikligi oldukga duguktar

Olasi sebep: TH2 regulatuvar yanit

Dahasi var:

Heligmosomoides polygyrus ile kronik enfeksiyon modeli:
» Astim enflamasyonunda

» Deneysel oto-immun ensefalomyelit bulgularinda

> Kontakt hipersensitivitede DUZELME SAGLANDI

Helmintler konagin enflamatuvar yanitini module ediyorsa:

Enterov:rus HRS1 R

: Pneumococcus"‘mminthes‘ , ,;
j', Bacteronfs 'spec —

Toxoplasma gondiif =
Campylobacterjejum Hehcobé‘ttérp -
44 Hellcobacter pylori Rubella o @

“Tuberculosis EBV

) < 2
&l

FIGURE 1 | Infectious agents that were suggested to induce (left side) or

protect against (right side) intestinal celiac disease.

» Crohn Hst, Coliak hst, Astim, Multipl Skleroz tedavisinde kullanabilir miyiz?

Fasciola hepatica erigkin formlari monosit ve makrofajlarin anti-enflamatuvar fenotipe
dénlismesini uyariyor: Egitilmis Dogal Bagisiklik (Trained innate immunity)

erner A Al . Microbes and Viruses Are Buaqing the in Celiac Disease. Are The

iends or Foes? Front Microbio 0
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