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SITOKIN

Yunancada kytos kavitos kinesis (hticre
boslugundaki hareketlilik) teriminden
gelmektedir.

Sitokinler, bagisiklik sisteminin spesifik hiicreleri tarafindan
salgilanan biiylik bir protein, peptit veya glikoprotein grubudur
Bagisiklik, enfeksiyon ve hematopoezise aracilik eden ve
duzenleyen bir sinyal molekilleri agidir
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I CYTOKINE-CYTOKINE RECEPTOR INTERACTION
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Salgilanan sitokinler, otokrin veya parakrin faktorler olarak lokal olarak etki
ederler veya bir hormon gibi belirli bir mesafede hareket edebilirler.




e |-1B,IL-2, and its soluble
receptor, IL-6, IL-8, IL-17, G-
CSEF GM-CSF, TNF-a, MCP1 or
CCL2 and MIP-1a or CCL3

e |L-10,IL-4,TGF-Beta,lL-
1Ra,IL-13




SITOKIN FIRTINASI

Pro- ve anti-inflamatuar sitokin
diizensizliginin neden oldugu yogun
ve kontrolsliz bir inflamatuar yanitin
olusturdugu sistemik semptom ve
bulgularla karakterize bir tablodur

The Cytokine Storm

Colony Stimulating Factor

Tumor Necrosis factor




KORONA VIRUSLERIN YAPISAL OZELLIKLERI

Structural Protein Function of Protein

Nucleocapsid Protein (N) Bound to RNA genome
to make up nucleocapsid

Spike Protein (S) Critical for binding of
host cell receptors to
facilitate entry of host
cell

Envelope Protein (E) Interacts with M to form
viral envelope

Membrane Protein (M) Central organiser of CoV
assembly
Determines shape of
viral envelope

It has been noted that some CoVs do not need to have the full ensemble of
structural proteins to make virions, highlighting that certain proteins may be
Spike Protein (S) Envelope Protein (E dispensable or compensated by the function of non-structural proteins

Nucleocapsid
Protein (N)




VIRAL ENFEKSIYONLARDA NORMAL IMMUN YANIT

Normal bir Immun yanitta, bir dizi farkl tipte immun sistem
hiicresi (lenfositler) ve kimyasal haberciler karmasik bir sirayla
salinir ve bu da hafif lokalize bir inflamatuar cevaba neden
olur.

Serbest birakilan ilk sitokinler interlokin 1B (IL-1B) ve timor
nekroz faktori-a (TNF-o)dir.

Bu sitokinler de Notrofiller, monositler, makrofajlar (dokulara
goc etmis monositler) dahil olmak lGizere dolasimdaki beyaz
kan htcreleriniN (enfekte ve neoplastik hiicreleri ortadan
kaldirabilen NK hicreleri) enfeksiyon bolgesine toplanmasini
saglarlar.

MCOVID-19 and cytokine storm syndrome. 2020. edical Laboratory
Observer.



VIRAL ENFEKSIYONLARDA NORMAL IMMUN YANIT

* Bu hlcreler tarafindan patojenlere karsi salinan bazi
kimyasallar(orn:kompleman gibi)dogal immun yanit
cevabinin kapsamindadir.

* Bu hucreler direk olarak yabanci patojenlere saldirir ve IL-6
nasta olmak Gzere ilave sitokinler de salgilarlar.

* |L-6 yardimci T, ve B hucrelerini enfeksiyon bolgesine cagiran
kazanilmis immun yaniti baslatmak icin gereklidir.

* |L-6 ayni zamanda makrofajlarin aktivasyon ve
proliferasyonunun guclendirilmesini de uyarir.

COVID-19 and cytokine storm syndrome. 2020. Medical Laboratory Observer.


http://www.mlo-online.com/

VIRAL ENFEKSIYONLARDA NORMAL IMMUN YANIT

T HUCRELER PATOJENLE ENFEKTE OLMUS HUCRELERI ORTADAN KALDIRIR.BU ENFEKTE EDEN
, PATOJENE KARSI COK DAHA SPESIFIK BIR CEVAPTIR.

AKTIVE B HUCRELER PATOJENIN ANTIJENLERINIi ORTADAN KALDIRMAK ICIN ONLARI HEDEFLEYEN
SPESIFIK ANTIKORLAR URETIR.

YARDIMCI T HUCRELER AYNI ZAMANDA T VE B HUCRE AKTiIVASYON VE PROLIFERASYONUNUN DUZENLENMES
VE SURDURULMESI SURECINE YARDIMCI OLAN IL-6 VE DIGER SITOKINLERIN SALINIMINI SAGLARLAR

COVID-19 and cytokine storm syndrome. 2020. Medical Laboratory Observer.


http://www.mlo-online.com/

2 VirUsler makrofajve 3. Monosit ve makrofaj lar 4.Sitokinler,proinflamatuar

- Monositler tarafindan  dogal immiin sistemi sitokin yanitlarini daha da
1.Solunan virtsler . o
» " Taninir uyarmak icin dolasimda IL-6 uyarir ve sitokin kaskadini
akciger ve diger o . . . . .
lart infekt ve diger proinflamatuvar genisleten T hiicrelerini gktive
o(rjgan arl infexte sitokinleri salgilarlar eder
eder

7.Antiinflamatuvar sitokinler devreye
Girer ve immiin sistem enfeksiyonu ortadan

Kaldirdiginda inflamatuvar yaniti orta
Dii7zevde tii1tar

6.Sivi,|0kosit ve sitokinler enfekte 5. Sitokinler immdin sistem hiicrelerinin
dokuya girerek lokalize inflamasyona  enfeksiyon bdlgesine iletimini hizlan
ve lokalize semptomlara neden olur dirmak icin vazodilatasyon ve perme

ahilitevi arttirir

VIRAL
ENFEKSIYONLARDA

NORMAL SITOKIN
CEVABI

COVID-19 and cytokine storm
syndrome. 2020. Medical
Laboratory Observer.
www.mlo- online.com
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ENFEKSIYONLARDA ANORMAL IMMUN YANIT

* Anormal immun yanitlar geri donusumsuz doku
hasarlarina yol acabilirler.

 Anormal immun yanitin en 6lumcul tablolarinin ortaya
ciktigl durum ise “Sitokin Firtinasi” sendromudur.

* Bu yanit ayni zamanda bazilar tarafindan sitokin
salinimi sendromu(CRS) olarak da adlandiriimaktadir.



SITOKIN
FIRTINASINDA
DUZENSIZ
IMMUN YANITIN

SONUCLARI

COVID-19 and cytokine storm syndrome. 2020.

Medical Laboratory Observer. www.mlo-
online.com
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FARKLI HASTALIKLARDA SITOKIN FIRTINASINA DAHIL OLAN
MAJOR SITOKINLER

Disease background  Cytokines
MAS
CART cell therapy

HSN1 influenza
HINI influenza
SARS
MERS

EN-y, TNF-y, IL-1p, IL-2, sIL2Ry, IL-6, IL-10, IL-12, IL-18

FN-y, TNF-4, IL-1, IL-2, sIL2Ry, IL-6, IL-8, IL-10, IL-12, MCP-1, MIP-1a, GM-CSF
EN-y, IL-6, IL-8, IL-10, MCP-1, MIG, IP-10,

EN-y, TNF-a, IL-6, IL-8, IL-9, IL-17, IL-15, IL-12p70

EN-y, IL-1, IL-6, [L-12, TGF-p, MCP-1, MIG, [P-10, IL-8

EN-a, IL-1§, IL-2, IL-6, IL-8, MCP-1, MIP-1a, CCL-5

Gao Y -M., Xu G, Wang B, Liu B -C. 2020. J Intern Med



AGIR VE KRITIK COVID-19 HASTALARI

* Akcigerlerdeki yuksek lenfosit volimune ragmen
periferik kandaki lenfosit sayisi dusuktur.(Primer
hedef organlar hangileridir)

* Dalak,timus ve diger lenfoid organlarda azalmis
lenfosit dizeyi immun tukenmisligin de bir
gostergesidir

COVID-19 and cytokine storm syndrome. 2020. Medical Laboratory Observer


http://www.mlo-online.com/

SARS-COV-2 SITOKIN FIRTINASINA
NASIL NEDEN OLUR ?






COViD-19 AKCIGERLERDEKI VASKULER BUTUNLUK KAYBI DA DAHIL

OLMAK UZERE ONE CIKAN PATOFIZYOLOJIK OZELLIKLERINI DE
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COViD-19 AKCIGERLERDEKI VASKULER BUTUNLUK KAYBI DA DAHIL
OLMAK UZERE ONE CIKAN PATOFIZYOLOJIK OZELLIKLERINI DE

B ONGORULEN VASKULER SIZINTI MEKANIZMALARI
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SARS-COV2 ENDOTELYAL DISFONKSIYON VE PULMONER
VASKULER DEGISIKLIKLERE NEDEN OLUR
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CORONAVIRUS
ENFEKSIYONU SONRASINDA
AKCIGER DOKUSUNDA
IMMUN YANIT

Liu Y, Qi G, Bellanti JA, Moser R, Ryffel B, Zheng
SG. MedComm. n/a(n/a):
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COVID-19 PATOGENEZINDE KOMORBITLER VE MULTIORGAN HASARLARI

— Protects
from
COVID-19

Anti-TNFa
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Renu K, Prasanna PL, Valsala Gopalakrishnan A. 2020. Life Sciences. 255:117839



COVID -19 HASTLIGININ FiZYOPATOLOJIK SEYRINDE ONEMLI OLAYLARIN KARAKTERiZASYONU

Fizyolojik Konakgi Yaniti Patojenik Konakgi Yaniti
Viral Giris ve Erken Enfeksiyon  Konakg¢i immiin Yaniti Hiperinflamasyon Evresi MultiorganDisfonksiyonu

Hafiften siddetli Covid-19 a
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®  SARS-GoV-2 immiin Hicrelerin katilimi ve = & 6
3] i N
i temizleme y
=) < 6H o [ Multiorgan
v (w L Sitokin Firtinasi Yetmezligi
Early Phase: Late Phase: T IL-6 T G-CSF ";h.— ’
Macrophages Cytotoxic T TIL-10 T IFNy \ﬂ
& Dendritic cells TIL-2 T TNF \
cells TIP-10 TM1P1a
“ *ACE2 ve serin proteaz TMPRSS2 e DAMP ve PAMPs larin Taninmasi e immiin sistem hiicrelerinin *Ekstrapulmoner organ
g uzerinden viral enfeksiyon geligimi e Proinflamatuvar sitokin ve Akcigerde asiri infiltrasyonu tutulumu
> . .
@ *Aktif replikasyon ve viral salinim kemokinlerin salinimi ®  Proinflamatuvar sitokinlerin asiri *Prokoagitilan yanitin
q>," Hiicre 6limine neden olur e Monosit,makrofaj ve virls spesifik sistemik Giretimi ve anormal aktivasyonu
N T hiicrelerin gérevlendirilmesi regiilasyon R
e Enfekte hiicrelerin ortadan
kaldiriimasi

Time since symptoms onset
Bohn MK, Hall A, Sepiashvili L, Jung B, Steele S, Adeli K. 2020. Physiology. 35(5):288-301



COVID-19 HASTALIGINDA 3 EVRE

Stage 1 Stage 2 Stage 3
Asymptomatic Nonsevere symptomatic Severe respiratory-
inflammatory
Immune response Innate immune Adaptive immune Cytokine release
over time: activation activation syndrome
Self-limiting in 80% Viral engagement Generation of specific IL-1, IL-6, TNF, GM-CSF,
Severe in 15%—20% of PAMPs antibodies and T-cell response IFN-gamma, others
. o (:) 2 Low type 1 IFN Release of DAMPs Coagulopathy

Viral load Cytokine response

Viral response phase Hyperin:flammatory phase
: Cytokine storm

IgM response begins édays 5-10

s S~

119G response begins days 7—14

Time course

DAMPs= damage-associated molecular patterns; GM-CSF = granulocyte macrophage colony-stimulating factor; IFN = interferon; IgM = immunoglobulin M;
IL-1 = interleukin 1; IL-6 = interleukin 6; PAMPs = pathogen-associated molecular patterns; TNF = tumor necrosis factor

Calabrese LH. 2020. CCJM. 87(7):389-93




PATOJENIK INFLAMATUVAR SITOKIN YANITINA KARSI GELISEN KLINIK
BULGULAR
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* Anemia

vAcute phase protein

Sun X, Wang T, Cai D, Hu Z, Chen J, et al. 2020. Cytokine & Growth Factor Reviews. 53:38—42



SITOKIN FIRTINASI VE KOAGULASYON

SARS-CoV-2

Storm of cytokines
+ IL-6, IL-2, IL-4, TNFa

Mononuclear Cells I Pro-inflammatory
Cell P Inflammatory cytokines

| Impairment of
- natural anticoagulant

*__.D=' ’ pathways

Shut down
of fibrinolysis

Activated platelet

<

Fibrin clot
C—— T —— and platelets
Vascular endothelium




COVID-19 PNOMONISINDE PULMONER INTRAVASKULER KOAGULASYON

Proinflammatory cytokines
and procoagulant factors

}

Clot formation

Vascular rupture
and haemorrhage

Venule

> Hyaline thrombi

Arteriole

Macrophages and lymphocytes

infiltrating vessel wall
Neutrophils

Macrophages

Proinflammatory
mediators

ot et e

Cytokines and procoagulant
enter capillary network

McGonagle D, O’Donnell JS, Sharif K, Emery P, Bridgewood C. 2020. The Lancet Rheumatology. 2(7):e437-45



Endothelial damage
Podocyte localisation
Proximal tubule localisation
Mitochondrial dysfunction
Acute tubular necrosis

Hypovolasmia

Cytokine storm

TNFa 1-6

Endothelial
dysfunction

SARS-CoV-2 infection

FPneumonia

Hyper-
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Mechanical -~

ventilation
ECMNO

Acute kidney injury

P No symptoms

- Mild symptoms - --
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Hypercoagulability
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SARS-CoV-2 Infection

\BR

o
TMPRSS2

Alveolar epithelial cells

Cytotoxic antigen-specific T cells Early immune cell recruitment in
recruited to lungs response to chemokine signals

J Type | interferon response
ﬂ | ac doat dons _ TIL-1, IL-6,

TIL-8, IP-10, MCP-1

T™™MIG
TIP-10, MCP-1

Cytokines released from virally infected
macrophages or dendritic cells

Bohn MK, Hall A, Sepiashvili L, Jung B, Steele S, Adeli K. 2020. Physiology. 35(5):288-301



Gene mutation
in the perforin-mediated
pathway of cytolysis

Perforin
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SARS-COV2 INFEKSIYONU SURESINCE KARAKTERISTIK LABORATUVAR
BULGULARI

Improvement
Moderate

WBC/PMNs

tg;"" Severe Critical
Albumin WBC/PMNs 1 ?BCI:MNQ
. Lymph | Lymp
LDH 1 LDH Death
CRP 1 CRP
Ferritin T 1 Ferritin
-6 1 IL-6
hsTrop | hsTrop |
Albumin PCT
PaO2 Albumin
PaO2

Bacterial super-infections

?

Symptom onset Disease course

Mild symptoms, no maging findings of pneumonia
Fever OR respiratory symptoms
Respiratory distress and the respiratory rate >30/min OR saturation <=93% at rest OR PaO2: FiIO2 rati
Ss300mmHg

ritical Respiratory failure requiring mechanical ventilation (including ARDS) OR shock OR other organ failure
recuririmag 1y

O

Skevaki C, Fragkou PC, Cheng C, Xie M, Renz H. 2020. J Infect. 81(2):205-12



Extrapulmonary Involvement in COVID-19

Laboratory/Clinical Profile

Key Potential Mechanisms
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Headache, dizziness
Confusion, epilepsy
Ataxia, anosmia, ageusia
etc.

Cardiac troponins
NT-proBNP, BNP

ALT & AST
Lipase, amylase
Albumin
Vomiting, nausea

Prothrombin time
D-dimer

Fibrinogen

aPTT

Ferritin

C-reactive protein
ESR

Lymphopenia, fever

Direct viral infection
Systemic inflammation and cerebral edema
Pulmonary hypoxia, metabolic acidosis

Direct viral infection

Systemic inflammation
Myocarditis

Stress-induced cardiomyopathy

Direct viral infection

Systemic inflammation, IL-6 pleiotropic effects
Drug-induced liver injury

Hypoxic-mediated dysfunction

SARS-CoV-2-mediated endothelial
dysfunction

Systemic inflammation (e.g. cytokine,
complement pathways)

Systemic inflammation

Bohn MK, Hall A, Sepiashvili L, Jung B, Steele S, Adeli K. 2020. Physiology. 35(5):288-301




SITOKIN FIRTINASI ILE
ILISKILI LABORATUVAR
BULGULARI

High levels of alanine aminotransferase
(ALT)

High Levels aspartate aminotransferase
(AST)

Hig
Hig
Hig
Hig

h level Lactate dehydrogenase (LDH)
h Level Ferritin
h level CRP

N Level D Dimer

LENFOSIT,FAGOSITIK MONOSIT VE FAGOSITIK
MAKROSIT AKTIVASYONU DUSUNDURUR

COVID-19 and cytokine storm syndrome. 2020. Medical Laboratory Observer.


http://www.mlo-online.com/

CiDDI COVID-19 OLGULARINDA SITOKIN PROFILI VE LENFOSIT SUBSETLERININ ROLU

ESR CD4+ T cell
SAA CD8+ T cell
PCT CD3 cell
Ferritin CD19 cell
Cytokines: Total lymphocyte
(IL-2,1L-4, 1L-6, IL-8, I1L-10, Monocyte
TNF-a, IFN-y) NK cell

Severe
COVID-19

Akbari H, Tabrizi R, Lankarani KB, Aria H, Vakili S, et al. 2020. Life Sci. 258:118167



SIDDETLi HASTALIGI HAFIFTEN AYIRAN IL-6 SEVIYELERI
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COVID-19 and cytokine storm syndrome. 2020. Medical Laboratory Observer.
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Cytokine Storm Syndrome in
Coronavirus Disease 2019

a Narrative Review
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High serum levels of pro- and anti-inflammatory
cytokines were found in patients with severe COVID-19.

IL-6 levels were higher
in CCVID-19 patients
who dad not survive,?

Other useful |ab tests for cytokine storm patients

As fuad and damage accurmulate
n the lungs, it becomes more and b

more difficult for the lungs to | = i AST Bl LOM
absorb oxygen and exchange

it for carbon dioxide. S )
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CONVID-19 poeumonia is caused

by mEammation and Suid

accumulation in the alveoli, patients develop a systemic

the site of oxygen abzorption ,

and diffusson mto the dysregulated
cytokine response

blood stream

The SARS-CoV-2 vinu utilizes
the ACE 2 receptor o bind 1 X Dysrequlated
to afveolar cells which are , \ musecf)i::?;lnc?:;?:
rich In ACE2 receptors, ' T \ P .I.I
ALCE2 receptors are alsa e TOIm Ccapi a.nes
found in multiple organs 3 t Q:B"ﬂﬂ-fng
and blood vessels e ' the Aforrn.rzpein
\ of multiple
blood clots.

Early detection of
inflammation markers

can indicate the onset of a cytokine storm
and assist clinicians with timely interventions

(«ummmc

The onstlaught of cytokines can cause multi-organ
failure and dozominated intravascular caagulation

baoth contributing 10 death

,.Zhou, et al. National Science Review. 2020. DOI: 10.1093/nsr/nwaa041
. Del Valle, Kim-Schulze, Huang, et al. , ¥Products are not FDA

Siddiqi HK, et al.J Heart Lung Transplant. 2020.
3. Zhou F, et al. The Lancet 2020. , Qin C, et al. 2020 Clin Infect Dis.
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