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Sunhum plani

= Viruslerin kesfi

= Viras yapisi ve siniflandirilmasi

= Virus - konak iligkisini belirleyen faktorler
= Virusun bulas yollari

= Konakcinin bagisiklik yaniti

= Virusun hedef hicre ve doku ile etkilesiminin sonuclari
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Viruslerin Kesfi

Virusler, enfeksiyoz hastaliklara bagli morbidite ve mortalitenin en 6nemli nedenleri

Lk virtisler 19. ylizyilin sonunda tanimlandi

e insanlarda hastalik yapan = sari humma viriisii (1901)
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Woolhouse, Mark et al. “Human viruses: discovery and emergence.” Philosophical transactions of the Royal Society of London. Series B, Biological sciences vol. 367,1604 (2012): 2864-71.
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viruses.” Proceedings. Biological sciences vol. 275,1647 (2008): 2111-5.



Viruislerin siniflandiritmasi

(1) Viral nukleik asidin tura & yapisi & (2) Viras kapsidinin simetri turia | (3) Lipit zarfinin varligi veya
replikasyonunda kullanilan strateji yoklugu
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Chappell J.D., Dermody T.S., Biology of Viruses and Viral Diseases. Ed: Bennett, John. Mandell, Douglas, and Bennett's Principles and Practice of Infectious Diseases-Electronic. Available from: Elsevier eBooks+, (9th Edition). Elsevier-OHCE, 2019.



Virus - konak iliskisini belirleyen faktorler

= Bulagsma yollari

= Hucre/Doku tropizmi

= Virusun replikasyon icin belirli hticre ve doku turlerini tercih etmesi
= Viral yuk, replikayon stratejisi
= Reseptor Afinitesi

= Konakginin genetik yapisi, yasi, bagisiklik durumu

= CCR5-delta32 homozigot genotipine sahip bireylerin HIV enfeksiyonuna

karsi direng gostermesi




Virtistin Konaga Bulasi

= Horizontal
= Solunum damlaciklari
= Kontamine besin
= Enfekte vucut sivisi ya da

doku ile temas

= Vertikal

= Gebelikte, dogum sirasinda,

emzirme

= Vektor

Vector-borne & vertical transmission Droplet transmission Direct contact transmission
Zika fever Dengue fever Influenza COVID-19 Ebola disease Mpox
; Vector/
-~ -~ J - Reservoir

blood, body fluids blisters, pustules

TR ; . SARS-CoV ; .
Zika virus Dengue virus Influenza virus MERS-CoV Ebola virus Monkeypox virus

Patogeneze etkisi:

* Fekal-oralyolla yayilan virtuslerin cogu zarfsizdir
* Lipid zarflar iceren virusler ise, cogunlukla solunum, parenteral

ve cinsel yolla bulasir
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Han, Jasmine J et al. “Emerging Infectious Diseases Are Virulent Viruses-Are We Prepared? An Overview.” Microorganisms vol. 11,11 2618. 24 Oct. 2023
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Viral Replikasyon Dongusu

Virusler zorunlu hucre ici parazitler

a Classical virus replication cycle
[ ]

Hedef hucrelere girer ve konakginin hicresel
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Hedef Hiicreye Baglanma Ve Hiicreye Giris

= Bir hicreyi enfekte etmek icin, virlisiin konakgi hicreye baglanmasi kritik Gneme sahiptir
= Virls baglanma proteini, hiicre yizeyindeki spesifik reseptor ile etkilesir

= Hicre yuzeyindeki hedef reseptdr molekiilleri, hiicresel islevler icin gerekli olan molekdillerdir

Coxsackie B

Adenovirus
HIV- Polio 2and 5 Rhinoviruses Influenza virus
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CD4 Chemokine Pvr CAR Integrin LDL-receptor Sialic acid
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Ryu WS. Virus Life Cycle. Molecular Virology of Human Pathogenic Viruses. 2017:31-45. O
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HIV-1 Influenza Measles Herpes simplex viruses Rhinoviruses Dengue
virus . virus
DC-SIGN

Heparan
CD4 CD46 Sulfate

(receptor) Sialic Acids “ N\

ICAM-1  VLDL-R

HVEM,
nectins

CXCR4 or
CCRS
(co-recaptor)

HIV-1 - reseptor olarak CD4 ve koreseptor olarak kemokin reseptorleri CCR5 veya CXCR4

Influenza = hiicre ylzeyi glikoproteinlerinde bulunan terminal sialik asit kalintilari
Kizamik - CD46
HSV-1 = GAG'lar Uzerindeki heparan sulfata

Rinovirtslerin %90’ reseptor olarak ICAM-1'i kullanirken, %10'u VLDL reseptorunu kullanir
Louten J. Virus Replication. Essential Human Virology. 2016:49-70. doi: 10.1016/B978-0-12-800947-5.00004-1.




Viruis-konak reseptorii baglanmasini etkileyen faktorler

Konakgl hlicre yluzeyi boyunca Influenza A partikiillerinin hareketinin hemaglutinin (HA) ve noraminidaz
(NA) proteinleri tarafindan koordine edildigini gosteren bir calisma:

o HA

a  NA

Virls ylzeye baglandiktan sonra, coklu HA-reseptor etkilesimleri virlist ylzeye siki bir sekilde baglar

Tight binding
?® «— Receptor

Viral NA, virls baglanma bolgesinin yakinindaki reseptorleri bozar. HA-reseptor ciftlerinin sayisi boylece
azalir ve virls, hlicre ylzeyine gevsek bir sekilde baglanir

(

))) Loose binding

Q. HA-reseptor etkilesimlerinin yinelemeli birlesmesini ve ayrismasini surukleyici bir mekanizma olarak kullanarak,
W % & f? gevsek bir sekilde baglanan virls, birden fazla HA-reseptor ¢iftinin olusabilecegi bir bolgeye ulasana kadar sirtinme
c /_\Erawlmg ve kayma hareketleri gerceklestirir ve virisu yuzeye tekrar siki bir sekilde baglar
Gliding >
@
” 0. P = o b Influenza A partikiillerinin fetuin kapl ylizeyler lizerinde
1111122222 2222 2222 72 2272 29999 7777 9 | gezinme ve kayma hareketlerine yonelik modeller

HA ve NA molekullerinin bir virion Gzerindeki yogunlugu & dagilimi ve sialik asit baglanmasi ve salinimina

yonelik ilgili afinite, viruslerin hlcre yuzeyleri boyunca hareketini ve virus girisini etkiler.
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Sakai, Tatsuya et al. “Influenza A virus hemagglutinin and neuraminidase act as novel motile machinery.” Scientific reports vol. 7 45043.



= Reseptor glikozilasyonu, hucre tipleri arasinda ve farkli konakcilarda degisiklik gostererek viral

enfeksiyona karsi farkli reseptor aviditesine yol acar

a Host-level determinants: HCV example

Y

SRBIWT |
\ \

i

/ 3 g
SR-BIT175A | | 'Unmodified receptor
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HCV, ko-reseptoru olan scavenger
reseptor class B tip | (SR-B1) varyantlari

icin farkli afinitelere sahiptir

Jones JE, Le Sage V, Lakdawala SS. Viral and host heterogeneity and their effects on the viral life cycle. Nat Rev Microbiol. 2021 Apr;19(4):272—282.©

b Species-level determinants: MERS-CoV example

No glycosylation DPP4 with glycosylation
MERS-CoV

{ DPP4 3 . a
‘ r:ij’ffé %%8 53 / \,..P oo O<+ ‘ Ly

B - P 7R 3 _<"' ,‘:/ 7 3
| 'y
). y
Permissive species Non-permissive species
Bat Human Camel Mouse * Ferret * Guinea pig

Farkli tarlerde hucre reseptorunun glikosile olup olmamasina

gore MERS-CoV’un baglanma durumu degisir

{



Attachement

= insanlar polioviriisiin bilinen tek dogal konakgisi

Poliovirus
.. . . e g e e reoRplor
= CD155 (poliovirus reseptoru) fareler gibi kucuk (€D155)
hayvan modellerinde mevcut degil
Intracerebral inoculation Intracerebral inoculation
of normal mice of CD155 transgenic mice
with poliovirus with poliovirus

| l

= 1990 yilinda, insan CD155 molekulunu eksprese

edecek sekilde transgenik bir fare susu tasarlandi =

= Bu fareler enfeksiyona duyarliyken normal transgenik

olmayan fareler duyarli degildi w
No effect Virus replication and
(no viral receptor present) development of

paralytic poiiomyelitis

©

Ren et al., 2012. Cell 63(2), 353-362. Louten J. Virus Replication. Essential Human Virology. 2016:49-70.



Orf virus / VEGF-E
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= insanlarin ise el ve kollarinda

= Kan damari olusumu ve epidermal hiperplaziile

karakterize proliferatif cilt lezyonlarina neden olur
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epidermal hiperplaziyi duzenleyerek cilt lezyonlarinin
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IL-tra

:ﬁ:j olusumuna neden olur

3~8 weeks

- Innate immune response Cellular Immune response Humoral immune response ’
ORFV infection Resemble reinfection Healing

Yongzhong Yu, Zhengxing Lian, Yudong Cui, The OH system: A panorama view of the PPV-host interaction, Infection, Genetics and Evolution, Volume 98, 2022, 105220.



Hlcreye Giris

(A)Direct fusion (B) Receptor-mediated endocytosis (C) Receptor-mediated endocytosis
@) A
Actin Actin b Actin
cortex cortex =S e o\ cortex - ,
Nt / '( { !
( | —';‘ ‘ Y Lysis
B \
Dogrudan fiizyon Zarflivirasler icin reseptor Zarfsiz virUsler icin reseptor
Viral nukleokapsidler, viral aracili endositoz aracili endositoz

zarf ve plazma zari arasindaki

fuzyon yoluyla hucreye girer

Endositoz yoluyla alinan virusler, viral zarf glikoproteinlerini plazma zari

uzerinde birakmayarak, bagisiklik sistemi tarafindan tespit

-~

edilmelerinde gecikmeye neden olabilirler




Hucreler arasi bulas

= Hlcre-hucre bulas mekanizmalarinin dort farkli modu

tanimlanmigtir:

= (A) Plazma membraninin fiuzyonu

(A) Retrovirus (B) HCV (C) Herpes (D) HIV Virus core

= Retrovirus, Herpesvirus O Enveloped virus

particle

Actin-containing
structures

= (B) Tight junction boyunca

| Microtubules

i . . a» Microtubule
Herpesvirus ve HCV Cytoplasm  Plasma membrane organizing center

Synaptic vesicle

= (C) Noral sinaps boyunca

= Rhabdovirus, Herpes virusleri ve Paramiksovirusler
Hicreler arasi bulasin avantaji nedir?
* (D) Virolojik bir sinaps boyunca * Virusun dogrudan hucreler arasi temas

= HIV ve HTLV-1 yoluyla yayilmasini kolaylastirir

e Notralize antikorlardan korunma

Ryu WS. Virus Life Cycle. Molecular Virology of Human Pathogenic Viruses. 2017:31-45.



Konakc¢inin bagisiklik yaniti

= Viruslerde ‘patojen iliskili molekiler yapilar’ (PAMP)

= viral RNA ve DNA, glikoproteinler, lipoproteinler

= Konak hiicrenin ‘patern tanima reseptorleri’ (PRR)

= Toll benzerires (TLR), RNA helikaz-tip retinoik asid induklenebilir gen-1
(RIG-1)

= [nterferon molekulleri ve proinflamatuvar sitokinlerin yapimini

tetikleyen transkripsiyon faktorlerinin aktivasyonuna neden olur

= |[RF (Interferon duzenleyici faktor), NF-xB

{
Kircheis, Ralf, and Oliver Planz. “The Role of Toll-like Receptors (TLRs) and Their Related Signaling Pathways in Viral Infection and Inflammation.” International journal of molecular sciences vol. 24,7 6701. 4 Apr. 2023 @
Rustagi A, Gale M Jr. Innate antiviral immune signaling, viral evasion and modulation by HIV-1.J Mol Biol. 2014;426(6):1161-1177.



(@) (b)

= Virus ile enfekte hucreler, Tip | ve lIl IFN N N

molekulleri Uretir ve salgilar & ) ® )
LA = T IFN
¥ O A \® X
e &)
= Bu molekuller hucrelerde. kendilerine Ozgu Robust type | interferon response Weak interferon response or
’ Weak or no antagonism by the virus Strong interferon antagonism by the virus
IFN reseptorlerine baglanir l l

= Sinyal iletimleri sonucunda antiviral etkili B\ . * "
" 2 ¢ o n
proteinler sentezlenir A
Limited viral replication Extensive viral replication
Limited disease Severe disease
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Heise, M.T.. “Viral Pathogenesis.” Reference Module in Biomedical Sciences (2014): B978-0-12-801238-3.00079-9.



HPV infected cell

= Interferon araciliyanit, HPV ile enfekte

olmus hucrelerin ortadan kaldirilmasinda

onemli bir rol oynar

HPV E proteinleri IFN tretimini bloklar:

v

o (cGAS)
Hehcases
= |FN uretimini bloke eden IRF-3 ve -1 gibi transkripsiyon faktorleri

g pPSly ® ’

E6 ve E7 onkoproteinleri

o~
.

= TLRve cGAS reseptorleri

E1 proteini IFN- ve IFN-A'nin ekspresyonunu engeller

HPV kleransi onlenir

Latent enfeksiyon ve kansere zemin hazirlar

Castro-Munoz, Leonardo Josué et al. “Alteration of the IFN-Pathway by Human Papillomavirus Proteins: Antiviral Immune Response Evasion Mechanism.” Biomedicines vol. 10,11 2965. 17 Nov. 2022



Viruisiin hedef hiicre ve doku ile etkilesiminin sonuciari

Dogrudan virus Bagisikligin asiri
kaynakli hiicre Latent enfeksiyon . . . uyarilmasi sonucu
g s pa e Kanser gelisimi . g e
olumu (Litik hucre olumu
enfeksiyon)
& Virus
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‘ @ Cell
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v
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e @ of virus without ‘}
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dowsnon and release but not causing
of virus harm to cell
v
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Lytic mfectlon Persistent Latent
Transformation of normal infection infection

cells to tumor cells




Kronik enfeksiyon

= Hepatositlerin cogunlugu enfekte olursa ve Karaciger hucrelerinin az bir kismi
eksprese edilen antijen seviyesi yuksek ise @ weas | SINIFLEMiktarda viral antijen
= Tcell

N eksprese ediyorsa (fare modeli)

() T | a iriise 6zgl CD8 hiicreleri etkili
7

= viruse 0zgu CDS8 T hucreleri fonksiyonel

bozulmaya veya fiziksel olarak delesyona ugrar

@ I anti-viral aktiviteyi korur

effector T cell
VIRUS PERSISTENCE l VIRUS CONTROL
Exhausted v ! :
Teell Dysfunctional T cell | Functional effectorT cell Memory T cell
22B4 4 PD-1 |
a +PD-1 4 PD-1
& cD3g 4 CTLA-4 J CTLA-4
T 0
: ° 0: A 1 CD127
T cell deletion ) 1+ GLUTL %
i = HBV particle Antiviral
: cytokines
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Fisicaro P, Barili V, Rossi M, et al. Pathogenetic Meéhanisms of T Cell Dysfunction in Chronic HBV Infection and Related Therapeutic Approaches. Front Immunol. 2020;11:849.



Lack of CD4" T helper

High viral load = HBV'ye 6zgii CD8+ T hiicrelerinin

<

o A0
o9

o tiukenmesine katkida bulunan mekanizmalar:

= Yuksek viral (veya antijen) yuku

CD4+ T hucresi kaybi

Baskilayici sitokinler IL-10 ve TGF-B ve DC'ler

Pro-apoptotik molekullerin asiri ekspresyonu

CD3C zincirinin asagi regulasyonu

Cesitli metabolik degisiklikler

—— IL-10

Ye B, Liu X, Li X, Kong H, Tian L, Chen Y. T-cell exhaustion in chronic hepatitis B infection: current knowledge and clinical significance. Cell Death Dis. 2015;6(3):e169. Q



Bagistkligin asiri uvaritmasi

HCV-related lymphoproliferative Effect of HCV on various organs
disorders and systems

Depression, fatigue,
neurocognitive impairment

Lymphoma Sicca syndrome

Lymphadenopathy Hypothyroidism

Splenomegaly

Increased risk of MACEs

Cryoglobulinemic
vasculitis

Membranoproliferative insulin resistance

glomerulonephritis

Chronic kidney disease,
glomerulonephritis

Purpura, skin ulcers

Porphyria cutanea tarda,
lichen planus, necrolytic
acral erythema
Arthralgia, arthritis

Autoimmune cytopenia
(ITP, AIHA), MGUS

anticardiolipin, antithyroid,
anti-smooth muscle)

Peripheral neuropathy

Type 2 diabetes mellitus,

Autoantibodies (RF, antinuclear,

@ Core protein

1gG

i ritar . : - Endothelial cell
= Hepatit C virusu enfeksiyonu — ===

= Bagisiklik komplekslerinin gelisimi ile iliskili

= Virus + antikor kiimeleri kiicuk kan damarlarin iginde

cokelir ve vaskulit gelisimine yol acar

= Konakci bagisiklik yanitinin asiri aktif veya uygunsuz
aktive edilmis bilesenleri, virisun neden oldugu hastaligin

patogenezine dogrudan katkida bulunabilir

{
Lauletta, Gianfranco et al. “Hepatitis C virus infection and mixed cryoglobulinemia.” Clinical & developmental immunology vol. 2012 (2012): 502156@

Cacoub P, Saadoun D. Extrahepatic Manifestations of Chronic HCV Infection. N Engl J Med. 2021;384(11):1038-1052.




Sitokin firtinasi

= Hem lokal hem de sistemik olarak proinflamatuar belirteclerin akut asiri Gretimi ve kontrolsuz salinimi

SARS-CoV-2
(o]o]o]o]o]olo]o]o]
Lung epithelial cells l epithelial damage €
® @ S

IL-1, IL-6, IL-12, TNFa, etc.

—>innate immune cells / \a:daptive immune cells

- . h
© @& @ Pt © e ung
mon neu NK DC Mgy COST; CO8.T ARD
granulopoiesis / a0 ¥~
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o000 liver  heart
' ® ®  gyfokine storm —— _
o © 3 .’U l.‘l‘)’\ ‘
/ =7 O
l brain kideny
'MAS, HLH ® &% &
‘l. . 13 @ 2 ——> DIC —> multiorgan failure
, vascular hemostasis damage: l
anemia capillary leak syndrome death

thrombosis

Yang, L., Xie, X., Tu, Z. et al. The signal pathways and treatment of cytokine storm in COVID-19. Sig Transduct Target Ther 6, 255 (2021). https://doi.org/10.1038/s41 392021(@

SARS-CoV-2 - epitel/bagisiklik hiicreleri
Doku hasari ve inflamatuar sitokinlerin salinmasi

Dogustan gelen ve edinsel bagisiklik hucrelerini
aktive eder, surekli ve asiri sitokin uretimine neden

olur
Makrofaj aktivasyon ve hemafagositik sendrom
Anemi, kapiller sizinti sendromu, tromboz ve DIC

ARDS, coklu organ yetmezligi ve olum

{



B ; ;"\: """"" Molecular ;Zc?,;?s;“:i’ Potential therapeutics |
SARS-CoV-2 Activated innate :' = PANOptOSiS:
immune system I:
Lung infection :|
y l ! = Spesifik tetikleyiciler tarafindan aktive edilen
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Pro-inflammatory g TNF @ STAT inhibitor
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= PANoptozom kompleksi tarafindan duzenlenen

l—r‘— NO inhibitor
. Systemic ZBP1 inhibitor = TNF ve IFN-y kombinasyonu, PANoptozis aktive
inflammation RIPK1 inhibitor
o) d . . . e e
rgan amaget AN :l ederek sitokin firtina dongusune yol acar
} :l EXECUTIONER LEVEL
Death ' PANoptosis I—]-I— PANoptosis inhibitor

Wang, Yaqiu, and Thirumala-Devi Kanneganti. “From pyroptosis, apoptosis and necroptosis to PANoptosis: A mechanistic compendium of programmed cell death pathways.” Computational and structural biotechnology journalvol. 19 4641-4657. 3 Aug. 2
Karki, R., Kanneganti, TD. Innate immunity, cytokine storm, and inflammatory cell death in COVID-19. J Transl Med 20, 542 (2022).







