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Ta otolxela tTnC PuUOLKNC VOO LacC TTOU TIPOCTATEVOUV ATTIO TOUC LoUC

MAQoUXTOKUTTOPOELOES
bevdpLTiko KUTTOPO
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Shuata ~ Amnoudkpuvon Jhuara

gvepyoroinong 2\‘::;4;25,1;00 Kau

H anovoia cuvdétn (avtodoyo MHC-I) yia tov
avVOoTAATLIKO uTtodoxea Tou Kuttdpou NK cupBAaAAeL
oTnVv evepyornoinon tou untodoxéa Bavatou tou NK kot
0To BAvato Tou HOAUVOEVTOC KUTTAPOU LE ATTOTITWON
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gvepyonoinong ——> AvaoTtaAtikog urtodoxeac
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<— AVOOTOATIKAC
JUVOETNC yLa Tov urtoSoxea unodoxéag

Tou kuttapou NK

PPTK: NPWTEIVIKEC
KLVAOEC TUPOGLVNG
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dwodatdoeg Tupoaoivng
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Ta otolyela TtnNC emkTNTNC (ELOLKNC) avoolac mou
OUUETEYOUV OTNV QLLLUVOL KOTA TWV LOYEVWY AOLLWEE WV
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OAvatog Tou KUTTApou-
otoxou amno ta CD8* KTA

7’/ Awadopomnotnpéva CD8*

KTA swoépyovtal otnv

KukAodopia
05 o bop
00 o — ) 2 N \\ Apactika CD8+ KTA
gvepyomnololVTaL ano avilyovo
® o o€ nepLpEPLKOUG LOTOUG
KUTtapo twv Lotwv pe (HoAuVOEvTa KUTTOPQ)

OAvaTtog HE aMOnTWon 0 2
s . EVOOKUTTOPWHEVOUG LOUG

Zxnua 3



MnNxaviopol LLE TOUC OTtoLlouC OL IVTEPDEPOVEC
TUTIOU | avaKOmTouV TNV HETAd00N TWV LWV
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OAa ta KUTTOPO TOU
ocwpatoc dltabEtouy
aLoBntnpeg mou taxvtaTa
ovayvwpil{ouv oToLxeila
LULKpOBLWY, LUKATWV,
nopacitwy Kat twv. Autot ot
ooBntnpec ovoupalovral
Toll-like receptors (TLRs)
Kol tupodotouv TNV
avtibpaon Tou KUTTApou
gvavtiov Tou eloBoAea

To otolyela Baktnpiwy, LUKATWV
KOl LWV TIou avayvwpilovtol amno
Toug TLRs ovopadalovtotl Moploka
npotuna nadoyovwy , oL o¢
urtodoxeic ovopalovtal emniong
«umodoxeic avayvwpiloewg
npeotunwv» (pattern recognition
receptors, PRRs)
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Mrorientidla  memuidoyAukdvee LPS  gheyyehivn AUtorierniowa
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TIR: Toll/IL-1 Receptor domain
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OL TLRs TNC KUTTOPLKAC
uepPpavnc avayvwpilouvv
oTolxela Baktnpilwv Kol
LUKATWYV, evw oL TLRs tou
evOOOWUATOC
avayvwpillouv KUplwg
OTOLXELO LWV

TRIF:TIR-domain-containing
adapter-inducing interferon-8
TIR: Toll/IL-1R homologous
region

NF-kB: nuclear factor kappa-
light-chain-enhancer of
activated B cells

MyD88: Myeloid differentiation
primary response 88

OZ%cia pAeypovi
Evepyomoinan

EI0IKIC avoaiag

[MermudoyAukavn TLR1

TLR4 depéc

Ymopovada
TIR tou TLR

Mpwteivn-

HETAOXNHATIOTNG
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MPOKANONC

- EvBooua Bavatou
S IRFs
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‘Exgppaon kutTapokivwv (TNF, IL-1, IL-6),
Xupokivav (CCL2, CXCL8)
E-Zehekrivng, CD80, CD86

"Ekgpaaon IFN tdmou I (IFN a/p)
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AlocOntnpec Tou KUTTOPOSLAAULATOC TTou TtupodoToUV TNV
rniapaywyn IFN-I (IFN-o/B)

IFN, interferon;

IKKe, IkB kinase-€;

IRF, IFN regulatory factor;

MAVS, mitochondrial antiviral
signaling protein;

MDAS5, melanoma differentiation
-associated gene 5;

P, phosphate;

RIG-I, retinoic acid-inducible gene

1,.

TBK1, TANK-binding kinase 1;

TRAF3, tumor necrosis factor

receptor-associated factor 3;

TANK, TRAF family member-

associated NF-kappa-B activator
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Avtlyova
vdLoTapeva
eneéepyaoia oto
KUTTAPOSLAAU L
napouaoLalovral
neow MHC-I kal
dleyeipouv

CD8+ T kuTtTOpQ

MpooAnyn aviyovou Enegepyaaia aviyovou BioauvBeon tou MHC
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Ta 6evopLTka KUTTAPQ
GAYOKUTTOPWVOUV
LOAUCLLEVA KUTTOPA

KOLL TLETTTOUV TLC
MPWTELVEC TOU
KUTTAPOU KOl TOU LoV,
nopouotalouvv 6€ AUTEC
ota CD8'T kal CD4*T
KUuTTOpQ

MHC ragng Il

Ta tika avriyova siogpyovral
oto kuttapodicAupa
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YUANYIN Tou avtyovou

CD8+T kuTtTOpO
£101KO yLa Tov 10

MoAucpéva KUTTapa Kot
LKA avTiyovea /
npocAapfavovral ano ta }/ X
ATK tou §sviotn
CD8+ T
KUTTOPLKEC
QITAVTHOELG Sxfpa 5




O pNYaviopocg TN SLOLOTAUPOUMEVNC TTALPOUCLAONC

Eéwyevn avtiyova rrou
ntapouaotalovtal HECW TOU
OUOTNUATOC TWV KUOTIOlwV aro tal
oevdpitika kuttapa o CD4*T
KUTTOpO 00NYoUV O€ EKQPOON
KUTTaPOKLVWYV aro to CD4*T
KUTTOPO OL Ortoiec wptualouv 1o
OEVOPLTIKO KUTTOPO KAl TO KAVOUV
LKOVO VO EKPPAOCEL CUVOLEYEPTIKA,
UOPLO KOl VO TTOPOUCLAOEL EEWYEVN
avtiyova ot CD8* T kutTapo

"
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O mpwteiveg MASP-1
Kot MASP-2

oxnuatilouvv
OUUTAEYLATA LIE TLC
Ficolins kot
EVEPYOTOLOUV TNV
akoAouBia TN AekTivne
yla TNV evepyomoinon
TOU GUUTANPWHOTOC

O 6pocg «ficolins» onpaivel: oligomeric
lectins with subunits consisting

of both collagen (Col)-like long thin
stretches

and fibrinogen (Fi)-like globular
domains with lectin

(Lin) activity, mou Ba pmopovoav va
HETOdpAOTOUV

w¢ €€NC: «OAlyopepr akTivng Le AemTa
vidta koAAayovou (Col) kot odalpLkeg
UTTOOVASEC LVOVEKTIVNG

(Fi) pe dpaotnprotnta Aektivng (Lin).
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OL pnyowviopol ovoooAoyLKNC QpUvVaC Kot
TWV LWV Loyuouv Kat yia tov SARS-CoV-2

To mapadelypa tnG
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H dnuloupyla tou
GAEYLOVOOWLLATOC
elval evac éLMoq
TPOTIOC yLa TNV

nopaywyn tng IL-1|3
Kot tnc IL-18

Kaomnaon (caspase= Cysteine-
aspartic proteases, | Cysteine
aspartases)

NACHT=Neuronal apoptosis inhibitor
protein

PYD=PYRIN domain

NLR= nucleotide-binding domain,
leucine-rich motif

ASC= apoptosis-associated speck-
like protein

CARD=Caspase recruitment domains
LRR=Leucine-rich repeat

NF-«8 P

avevePYOC

nuprvag

MeTaypa@ri Tou yovidiou
¢ npo- IL-1B/IL-18

Kaoraon-1 pmed@® \

Kaoraon-1 ~

MaBoydva BakTripia
EEwkutTdpio ATP

OAeypovoowpa

S

(evepvéc)

¥ Moupapi\-3menTidio

.............................................................

Evdoyeveic kpuaTaAAol
(Oupwkou povovatpiou
KL TUpOQwaPopIKou

aoBeatiou)

EZwyeveickpuoTaAAol

(apiavtog, XoAnaTePOAN)

DNA 10v

O&eia dAeypovn




Mupontwon: Mwa
urtepBoAlkn dLEyepon TG
napoywync IL-1B peocw
EVEPYOTIOLNONG TOU
bAEYLOVOOWHOTOC, TTOU
obnyel o kataotpodn Tou
KUTTAPOU KoL

arne\evBEpwon
EVEPYOTIOLNUEVNC TIPWTELVNC
ASC TtoU evepyoToLEL TNV
npo-IL1B akoun Kat oto
eEwkutTaplo mepLPaiiov kot
dpa ota SutAava abkta
KUTTOaPO.
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Evepyomnoinon awoOntipwv

IXNUATIONOG KataAoinwv ASC

AneAevO£pwon KUTTAPOKLVWV 1 KoL
KUTTOPLKOG BAvatog

AneAevBépwon KatoAoinwv
ASC

Evepyonoinon
- kaomnaonc-1 kat IL-1B
£€€w amo to KUTTapo

®dayokuttapwon
KataAoinwv ASC

ol Enéktaon tng PpAEYLOVIG HLEGW TOU YELTOVIKOU

KUTTApOU



OL pnyowLopoL Twv patvoevwy antigenic drift

Kol antigenic shift

»Antigenic drift (tportoroinon
avtiyovou): MetaAdaéeic oe
yovidla rou kwdiLkormolouv
PWTEIVEC Emipavelag
TTPOKAAWVTAC TPOTTOTOLNCELC TG
dounc autwv

>Antigenic Shift (aAAayn
avtiyovou): To pailvoUEVO KOTA TO
ortolo autovoua tunuata RNA tou
tou avaouvbdualovrtal UETAED TOUC
UECO OTO KUTTAPO EVOC ttAAou
Eeviotn rou @LAoéevel Eva aAdo
OTEAEXOC TOU LOU O€ TPOTTO WOTE VAl
TTOOKUTITEL EVA KALVOUPYLO €(60C LoU

166 Tng ,.

ypinng T
| | Tovidwo
| HA
I|I || II
lf,f; FoviSio
~  NA

Novibiwpa ano

8 Tunuata
RNA
Nevpapuwvidaon NZo otéAexog
Alpayyloutwvivn TOU LoU TNC
ypinng tou
avBpwrmou

IxAuoa 7



Mivakag 1: Mnxoviopoi avocoloyikng dtaduync Twv Lwv

AvTLyoVLKH TtolKIAopopdla

Avo.oTOAN NG EMefePyOOLOG TOU OVTLYOVOU
Avakortr) petadopdc nentidiwv peow TAP.
Adaipeon tou MHC-I armno to evdomAaopatiko diktuo

MNapaywyn «Pevdo-MHC-I» yia avaoctoAn Twv NK
Mapaywyr oOpoAOYwWV TWV UTTOSOXEWV KUTTOPOKLVWV
Mapaywyr 0VOCOKATACTAATIKWY KUTTApoKvwy (IL-10)
MOoAuvon, AELToupyLKA AVETIAPKELO Kol BavaTtwon
KUTTAPWV TOU aVOCOAOYLKOU CUOTAMOTOC

AvO.OTOAN evepyomoinong ToU CUUMANPWUOTOC

AvaotoAn] pUOLKAG avoaoiog

[pirtn, Pwotiog, HIV

|6¢ ammAov €pminta
Kuttapopeyaloiog

Kuttapopeyaloioc (tou xoipou)
Euloyiacg (IL-1, IFN-y)
Kuttapopeyaloioc (xupokivec)
Epstein-Barr

HIV

HIV, euAoyLd, KUTTaPOUEYOAOTOG

Euloyia, HIV, 10¢ amhoU £pnnta,
KUTTAPOUEYAAOLOC TOU
avOpwrou



Mnxaviopol Ue Touc OmoLouc oL Lol avVaoTEAAOUV
TNV EMEECEPYOOLA KAL TIOPOUCLOON TWV AVTLYOVWV

Ixnua 8
Avaotoln tng AvaotoAr cuvBeong MHC
Spaotnplotntac tou 1)/ koL TapakpdTnor Tou oto
NP WTEACWHATOC evlonmAacpatiko diktuo
(kuttapopeyaloiog kat (adevoiog kau
10¢ Epstein-Barr) KuTtapopeyaloiog )
TAP

-
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: ~ RS ot
SRPIRGEE R Npwredowpa - 0 o
KuttapoSiadvpa b
T0g = =t : , ___%

. . ER
Movonatt MHC-taéewcg | :
106

Avakori) Tng Adaipeon touv MHC- Anpoupyia popiwv
petadopac | and to «pevdo-MHC-I» ko

nentudiwv péow TAP evlonmAaocpatiko oUvdeon Toug pe

(l6¢ Tou amlov diktuo avaotaAtikoug urtodoyeic
gpnnta) (kuttapopeyaloiog) tou kuttapou NK




MnNxaviopoc tTne e€avtAnonc

Oteia Aolpwen,
KaBapon tou
opyowviopoU ano
TO AVTLYOVO

@ o

IFN-y kot dAAeg
KUTTOPOKIVEG

Apaotika ko CD8'T
KUTTOPO MVALNG

CD8*KTA

CD8*KTA
E§avtAnuévo .
CD8+T
KUTTOPO

ABwo CD8* T \-

Xpovia Aolpwén: To
OVTLYOVO TTAPOAUEVEL

ApaoTtika Kat KTA
HVAUNG: €KKpLON
KUTTAPOKLVWV,
TOAAQITAQLOLOLOLOG
Bavatwon
KUTTAPOU-0TOXO0U

E€avtAnontou T
KUTTAPOU: OXL
napoywyr
KUTTAPOKLVWV,
ENATTWHEVOG
TOAAOTAQLOLOALOLOG
'Oy Oavatwon
KUTTAPOU-0TOXOU

Zxfina 9
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EéavtAnon twv T
kuttapwv: Mia
otadikaoia ToAAwv
otadiwv

BLIMP-1: PR domain
zinc finger protein 1 6pa
WC¢ avVaoTOAEaC TNC
EKppaono tou yovidiou
¢ lvteppepovne-8 (6-
IFN)

I Inhibitory receptors
[ Surface markers
I Effector activities

Transcription factor

John S. Yi, Maureen A. Cox and Allan J. Zajac Immunology doi:10.1111/j.1365-2567.2010.03255.x



Taévopnon Twv Kopwvalwy

229E B
NL 63
OC 43
HKU1 -

SARS-CoV
MERS-CoV

SARS-CoV-2

Nowuwéelg
QVWTEPOU
AVATTVEUOTLKOU

Notpuwéelc
KOTWTEPOU
AVATTVEUOTLKOU

Ewova 2

S protein (Spike protein, fqtot:
Pnktpoeldnc npwteivn).Me autiv o
LOC avayvwpilel utodoxeic Kat
ELOEPXETAL OTO KUTTAPA TOU EEVIOTH

Movn €Awkat RNA tou LoU

Kopwvaliot tunov a : sival avtol
TIou N PYNKTPoeldnC mMpwTteivn
Toug Sev koOBetal og dvo
KOUUATLO TIPOKELEVOU O LOG val
UTTEL OTA KUTTAPQA TOU EgvioTh

Kopwvaioi tumnouv B: sival avtol
Tou N PNKTPoEeldr¢ mpwTteivn
TOUC KOBeTal og SU0 KOPUATLA
TIPOKELMEVOU O LOG VOl UTTEL OTA
KUTTAPA TOU EEVLOTNA

»Positive sense (Oetikn moAwkotnta) : To RNA tou oU givat 6poto pe to mRNA Tou KUTTAPOU Tou EevioTn Kal LeTadpaleTol AUEC OTA

pLBoowpata.

*Negative sense (Apvntikn moAwkotnta) : To RNA tou oU mpénet va petaypadet oe Positive sense pe tn fonBeta tou evivpuou RNA-
dependent RNA polymerase mplv ano tn petadpaocn



BOOLKEC KOL TIPWLLLEC AVOOOAOYLKEC KOLL
opoAoyLKeC dlatapaxec otnv vooo COVID-19

e E€alpetika vPnAa enineda * AUEnon opoAoyLKwV OELKTWV
Kuttopokvwv pAgypoving (IL-1 a, bAEYHOVAC
IL-6 kot TNF-a . Mepptrivn
* AVETIOPKELG QTTOKPLOELG * LDH
wvtepdpepovwy TUTIOU | * D-Dimers
* CRP

* \epdorevia otnv nepLdEPELA , ,
Ho l pLpep * Mapayovteg MNEEWC

Chen G, et al, J Clin Invest 2020: 130(5): 2620-2629
Zhou F et al, The Lancet 2020: 395(10229): 1054-1062
Goshua G, et al, Lancet Haematol 2020



Airway ASC oligomer  Host DNA
/NN ;
Viral RNA i1 " Vllrus
NY/ NN * release
v, v. '
ACE2 ATP

Epithelial
cell

Virus -
replication Virus )
l maturation
WANNANY, — g
Viral RNA V'ral

proteins

Pyroptosis

i | Secretes | L+

Endothelial

macrophage

-

layer .g A el
TMPRSS2: Transmembrane protease, serine 2 . [
MCP1: Monocyte Chemoattractant Protein-1 feedback

IP-10: Interferon gamma-induced protein 10 (CXCL-10)
MIP: Macrophage Inflammatory Proteins
Matthew Zirui Tay et al, Nature Reviews Immunology https://doi.org/10.1038/s415 77-(%1-8
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“%akage caused by vascular permeability

FCN1*

macage Neutralizing
S ® Cytoki XEDLY antibody binds
( o ytokine storm macrophages di Y
i & (IL-6, IP-10, IFNY, clearup and inactivates
a’ / © 7 IL-2,1L-10, G-CSF, neutralized virus YIS
(5]

© ¢ MIP1o, TNF)

TV R Y ~ T

No virus
release

\ Alveolar

' macrophages
recognize and
phagocytose
apoptotic cell

Non-neutralizing
antibody may

cause ADE of CD4"Tcell
infection mediates efficient | £

immune response

2

CD8*T cell }e
recognizes

and eliminates
infected cells

Dysfunctional immune response N
® Excessive infiltration of monocytes, macrophages and T cells Healthy immune response

* Infected cells rapidly cleared

® Systemic cytokine storm
¢ Pulmonary oedema and pneumonia
* Widespread inflammation and multi-organ damage

» Virus inactivated by neutralizing antibodies
® Minimal inflammation and lung damage

Matthew Zirui Tay et al, Nature Reviews Immunology https://doi.org/10.1038/s41577-020-0311-8



O umoboxEac KUTTapwV yla tnv elcodo tou Lov SARS-CoV-2 eivail o ACE2

O ACE2 umtapyel ota:

vEmOnALoKA KUTTAPO LEPAY WY WV
vEruBnAtaka kOtTapo Twv

KU EALO WV

vEvS00nAlakd kuTtTapo
vMakpodaya nvevpovo

Npoooxn
H ékppaon tou ACE2 otnv emipavela twv
KUTTAPWV EAQTTWVETOL LETA TNV €L0050 TOU
LoU ota KUTTOPQ
O urntobox€acg ACE2 puBuileL to clotnua
PEVVIVNG-ayYELOTAOLVNG KOl ATIWAEL TOU
SLaTopACOEL TNV OPTNPLAKNA Ttleon, TV
pLOULON NAEKTPOAUTWY AUEAVEL TNV OYYELAKN)
SLamepatoTNTA TWV AEPAYWYWV KOL TN
dAeypovr
S=S1+S2—> FP + HP1 + HP2
7 H doun tng mpwrteivng S
S1= Aminoterminal domain + RBD
Matthew Zirui Tay et al, Nature Reviews Immunology https://doi.org/10.1038/s41577-020-0311-8

RBD: Receptor binding domain
ACE: Angiotensin converting enzyme
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CLOSED
top v.

YdatavOpakikn aocnida |B
t™n¢ rteploxnc RBD mov
oAANAemIdpa HE TO
ACE2.

Amtelkoviletal n
npoopaociun endpavela
Tou RBM-A Kol n
TEPLOXN TTOU
NMPOCTATEVETAL ATO
VELTOVLKOUC
vdatavOpakec otnv
KAeiwotn (B,C) kai
Avouxtn (E,F)

C CLOSED F OPEN
side v. ~ side v.

DOI: (10.1021/acscentsci.0c01056)
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ol e |12 l 13 [ 14 I 15 |15 H
B RARp Hel ExoN . E
' SARS-CoV-2 | _[m]
el E‘ 7a “ n
; S ! M N
$1 s B
Fusion pep tide C. . S1: Receptor Binding Domain ! $2: Membrane Binding Domain
L . 1 S’
HRT —L> S e s N — [
! SP NTD CTD FP : I-IR'I HR2 TM CP
> Bl ot s e RREEFR TR BT W
S2
HRZ J» ™ Do Eo
/ 51{52 S?' Fusion Peptide )
: SARS-CoV —=——=R|S- -PTKR | SFIEDLLFNEVTLADAGFMKQYGECLG--DINARDLICAQKF-
Transmembrane region MERS-CoV :j:-PRSVR | S-::: :::-RSAR] SAIEDLLFDKVTIADPGYMQGYDTCMQQGPASARDLICAQYV-:::
SARS-CoV-2 681-PRRAR | S-6s6 alz—PSKR_I SFIEDLLFNEVTLADAGFIKQYGOCLG--DIAARDLICAQKF 855
Tang T et al, Antiviral Research <j:| — !
https://doi.org/10.1016/j.antiviral.2020.104792 SEVaEm.STes




To yoviblwpa tou Lou
SARS-CoV-2
ELOEPXETAL OTO
KUTTOPO TOU EEVLOTH)
LLE ouvTNEN TWV
HEUBpavwy Tou Lov
KOlL TOU KUTTAPOU TOU
EevioTn TNV omola
urtoBonBouv ta
TUNMaTa TNG S2

UTTOLOVASOC TNC o

npwTteivng S

1. Pre-Fusion Native State

Host membrane

Viral membrane

4, Pre-Bundie

st membrane

Viral membrane

Hemifusion

2. Pre-Fusion Metastable

Host membrane

Prime

Viral membrane

Host membrane

Viral membrane

5. Bundle

Trigger

3. Pre-Hairpin Intermediate

Host membrane

y SELS

Viral membrane

6. Post-Fusion Stable

Pore Formation

Receptor Binding
Domain

HR1

HR2

Transmembrane
Domain

‘ Fusion
Peptide

Cytoplasmic
Tail

Tang T et al, Antiviral Research
https://doi.org/10.1016/j.antiviral.2020.104792




2TPATNYLKEC YL TNV OVAKOTIN TNC LOAUVONC LLE TOV LO
SARS-CoV-2 (mapeumnodion elcodou Tou Lov oTa KUTTopa
TOU ¢evLoTN)

e >tOYeUON Tou ACE2
e ACE2 wyevwc xopnyoUUEVO
* Baricitinib (JAK Inhibitor), avaotéAAeL Tnv evdokuttapwon tou ACE2.

e JTOXevon tou TMPRSS2 (Transmembrane protease, serine 2 )
 Nafamostat mesylate
e Calmostat mesylate

e JTOXELON TNC MPWTEIVNC S
* MOVOKAWVLKA OVTLOWHLOTOL
* EpPoAla

e JTOXELON TNC SLadlkaoiac ocuvtnNénc LEMBpavWVY LOU Kol KUTTAPOU TOU
Eeviotn

e E¢wyevnc xopnynon nemntidiov HR2

Matthew Zirui Tay et al, Nature Reviews Immunology https://doi.org/10.1038/s41577-020-0311-8



AvVOOTOATEC TNC EL00O0OU
Tou LoU SARS-CoV-2 ota

KUTTOPOL TOU EEVIOTN
FMOVOKAWVLKA OVTLoW T
KOTA TNG MPWTEIVNG S
FAVTIOWUOTO KOTA TNC
MPWTElvng S, OMw¢ emayovtal
aro ta epPfoAla

>AVOOTOAELC TPWTEQOWV OTIWG
n TMPRSS2

>CD8'T kuttOpO (EMayopeva
aro euBoAla)

>EEwyevec mentidlo HR2 tou
Lov.

AVOOTOATEG EMUMTWOEWY TNG
Aoipwéng

>MOVOKAWVLIKA OVTLOWHLOTA
KOTAL KUTTOLPOKLVWV
HMNXQVLIKN OTTOUAKPUVON
KUTTAPOKLWVWY, HECW PIATpwV

Mechanical filtration

Pro-inflammatory

cytokines
@ |] @) Oo Pro-inflammatory cytokines
Antibodies to spike resulting (V] O O O can be neutralized through O
from vaccination or adoptive / = [I (%) @) transfer of blocking antibodies,
transfer block virus binding — or through mechanical removal
to ACE2 from the blood

©

Virus-specific effector
CD8" T cells arising from
vaccinations recognize
infected cells, secreting
cytotoxic granules to kill
infected cells

[s]

o e o o
vt tiieshons
:_x,;xmumxxﬁoocnmgpgm;;mgxm;p

?};;X_?CC:_XIIIMIIX._ _m:cxxmnmnxmumx:xmux:@cxumﬂx

. TMPRSS2
2)

Matthew Zirui Tay et al, Nature Reviews Protease inhibitor blocks
Immunology and prevents TMPRS52 from
https://doi.org/10.1038/s41577-020- activating the spike protein
0311-8 through protease cleavage




E¢wyevec mentidlo HR2 cuvdeetal pe to HR1 tou ou
Ko opepmnodilet to kKAeidwua HR1/HR2 Stokomtovtog

TNV ouvVINEN HEUPBPOVWY LOU KAl KUTTAPOU TOU EEVLOTN

Host membrane

Host membrane Host membrane
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Tang T et al, Antiviral Research
https://doi.org/10.1016/j.antiviral.2020.104792



>Ttn vooo COVID-19 avamtuooetol cuvOPOUO
QVATIVEUOTLKNC OUOYXEPELAC TOU svn)\LKa (ARDS

oo X VAR, Sy
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\

8 nuépec amno tnv évapén Twv CUUNTWUATWY 11 nuépeg aro tnv Evapén Twv CUUNTWUATWY

Zhu N. et al, N Engl J Med 2020,382:727-33.



EvooBnALitida Twv MVEULOVIKWY OYYELWY OTN VOOO
COVID-19

To pecokuPeAdiko dtadpaypoa deiyvel
eAadpa SlaTETAUEVA TOLXWHOTO

KU eASwV pe TTOAAATTAOUC
HULKpoBpOopPouc WIKAC (kedbaAEg
BeAwv) , e€wayyelakd epubpd Kal
XOAQPO SIKTUO VIKNC LECO OTO XWPO
TwVv KuPeAidbwv

MoaKpOOKOTILKN £LKOVA TIVEVU OV

a0Bevouc¢ pe vooo COVID-19 mou

koteAnge ALAPLEDN KO TIEPLAYYELAKH KUPLWG
AEUDOKUTTOPLK TIVELUOVIA UE
TMoAUveoTLaKN evooOnALTida

Ackermann M. et al, ,N Engl J Med 2020;383:120-8.D0I:10.1056/NEJMoa2015432



OYYELOVEVEONC OTN
vooo COVID-19

Ackermann M. et al, ,N Engl J Med
2020,;383:120-
8.D0I:10.1056/NEJMoa2015432




AVTUTPOOWTTEVTLKEC
elkovec NETs mtou
napayovtal in vitro amo
LPSoe avBpwriva
ouvdetepodha. Ta NETs
Eudavitovral pe
ouvOUQOUEVN XPWON
e\aotaonc (mpaotvn)
KOlL TTUPNVLKOU UALKOU

(DAPI, pumAe).
MeygBuvon 40X.

NETs: Neutrophil extracellular
traps (efwkuttaplec nayidec
oUOETEPOPIAWV)

Kaplan M, and Radic M. J Immunol. 2012 September
15; 189(6): 2689-2695.
doi:10.4049/jimmunol.1201719.




O e€wkuTTApPLEC TTAYLOEC
TWV OUOETEPODIAWY
aocBevwv pe COVID-19
elval mMAouUoleC o€
OUUTIANP WA KOLL LOTLKO
opayovta Kot mavwc

emayouv Bpoupwon

»Mpyeloperoxidase (MPO)-DNA complex levels

representing NET release (detected by ELISA)
>TAT: Thrombin-antithrombin level

»(TF)/neutrophil elastase (NE) staining

Skendros P et al, J Clin Invest. 2020.
https://doi.org/10.1172/)JC1141374
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Ot Bapewc maoyovtec aocbeveic pe vooo COVID-19
QVATITUOOOUV LOYUPEC AVTLOWMOTLKEC OTTOKPLOELC KOTAL TOU LOU
SARS-CoV-2 aAAQ avamtuooouV Kol oUTOAVILOWUOTO

Avdpec , v, (%) 21 (72,4%)
Fuvalikeg, v, (%) 8 (27,6%)
HAwkia, (eAdxLotn, peylotn, diapeon), (€tn) 43 -65- 64,2
Avtutupnvikd avtiowpata (ANA), v, (%) 10, (34,5%)
P- ANCA,v, (%) 2, (6,9%)
c-ANCA, n, (%) 2, (6,9%)
Avtiowpatoa Kotd kopdloAutivng, v, (%) 7, (24%)
Avtiowpata katd B2GPl,v, (%) 10, (34%)
Avti-CCP, n, (%) 1, (3,5%)
Mponyoupevo |oTOPLKO AUTOAVOCOU VOO LOTOG Oudelg

Vlachoyiannopoulos PG, Magira E, Alexopoulos H, et al. Ann Rheum Dis Epub ahead of print: [please include Day Month Year]. doi:10.1136/ annrheumdis-2020-218009



AoBeveic ou
BeAtiwvovTtal
OLEPLOULETPLKA AAAQL
dev adunvidovtol
napovolalouyv eite
gevdoppaylaia
ouvbBeon
QAVTLOWUATWY, €ite
Sdlatapaxn tou
aLpateykepaiikol

$paypou

Alexopoulos H et al, Neurol Neuroimmunol Neuroinflamm 2020;7:e893. doi:10.1212/NXI.0000000000000893

Table 1 Anti-SARS-CoV-2 antibodies in serum and CSF, intrathecal synthesis, blood brain barrier disturbance and

neurologic status of patients

Albumin Main CNS

Patient Serum IgG (1:100 CSF 1: CSF 1: IgG index index >20 x 14- Autoimmune clinical

samples dilution) >1.1? 100>1.1  10>1.1 normal <0.77 1073 3-3 encephalitis findings Outcome

1 9.81 2.87 8.64 1.85 4x1073 POS NEG Coma: GCS 4 Death

2 9.45 1.50 5.35 0.36 24x 1073 POS NEG Coma: GCS 9 ICU

3 NEG NEG NEG 0.41 5x107° NEG  NEG Under sedation ICU

3'(12 8.62 1.53 6.42 0.39 25x 1073 POS NEG — —

d later)

4 9.68 NEG 2.39 0.46 3x1073 NEG  NEG Somnolence: ICU
GCS 15

5 8.33 NEG 2.10 0.29 4x107° NEG NEG Somnolence: Death
GCS 6

6 7.95 NEG NEG 0.27 4x1073 NEG  NEG Under sedation ICU

6' (7 8.62 NEG 1.83 0.27 4%107° NEG  NEG — —

d later)

7 7.17 NEG 1.56 0.44 3x1073 POS NEG Somnolence: ICU
GCS 13

8 7.80 2.23 5.13 0.37 25x10°3 NEG  NEG Coma: GCS 7 Death

respiratory syndrome coronavirus 2.
Numbers in bold indicate above the normal range.
?Index is calculated by dividing absorbance of samples @450 nm (1:100 or 1:10 dilution) to absorbance of calibrator @450 nm according to the manufac-

turer's instructions. The cutoff for antibody positivity is >1.1.

Abbreviations: GCS = Glasgow Coma Scale; ICU = intensive care unit; IgG = immunoglobulin G; NEG = negative; POS = positive; SARS-CoV-2 = severe acute




Mn-6oukec mpwTtelvec tou Lou SARS-CoV-2 avaoteAAouv TNV
LeTOypadn tou yovidlou Twv wvtepdpepovwy tuTou | (IFN-I)
KoBwC Kol LETAYPAPLKWY TTAPOYOVIWY TIOU EUVOOUV TNV
LETOYPODPN TWV YOVIO LWV TOUC

Tom70

5'UTR 'UTR

Nsp10 7a| g

Nsp8 8

i Nsp2 Nsp4  Nspé6 | Nsp12 Nspl4  Nspilb |
. MAVS (?) MAVS
<> vos | | | Qepsy Qi)

Nsp7 |Nspll \
N
e RNF41/Nrdpl o 22 o

40S and 80S ribosomal subunits / inhidition of IFN induction

TBK1

| |

Inhibition of host mRNA translation Inhibition of IEN induction
(including that of type | IFN)

Sa Ribero M et al, PLOS Pathog. 16(7): e1008737. https://doi.orq/10.1371/journal. ppat.1008737



https://doi.org/10.1371/journal

IFN, interferon; ‘Otav o 1o¢ SARS-CoV?2 eloe\BeL 0TO KUTTAPO TOU EEVIOTN

IFNAR, interferon alpha and beta receptor;

IkB, inhibitor of nuclear factor kB; T[O)\]\E C T[p WTELVE q Touv OLVOLGTE)\)\O UV T r] V T[O(p OLV(JL)V I’]
IKKe, IkB kinase-€; ! ! ! ! ! !
IRF, IFN regulatory factor; LVTE p(l)g pOV n q r] Tn \% UETO(VU)V n O n Uaroq I.lE oW OLUU] q
ISG, IFN-stimulated gene;
JAK, Janus kinase; A B
M, membrane; vA ¢ sars-cov . .’ @ —— I
MAVS, mitochondrial antiviral ‘».: e © -

signaling protein; o™ IFN-0/B >y,
MDAS5, melanoma differentiation \ @ b\

-associated gene 5; I — Nsp10, nsp14, nsp15, nsp16 i
N, nucleocapsid; ORF9b I~~~ viral RNA /\ -

g

Nsp, nonstructural protein;
ORF, open reading frame;
P, phosphate;

-bd

IFN-c/B

e ® o, 3
PLP, papain-like protease; A 7 ® é
RIG-I, retinoic acid-inducible gene 1, — \ ®
SARS-CoV, severe acute respiratory ’.
syndrome coronavirus;  °®F¢ __ ; ( h )

STAT, signal transducer and ~— g ®
activator of transcription; /‘ CESS
TANK, TRAF family member
associated NF-kB activator;
TBK1, TANK-binding kinase 1;
TRAF3, tumor necrosis factor

receptor-associated fa
TYK2, tyrosine kinase 2.
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Nucleus

Sa Ribero M et al, PLOS Pathog. 16(7): e1008



https://doi.org/10.1371/journal

H rapaywyn IFN-I yiveto
KoBuoTeEpNUEVA OTN VOOO
COVID-19 kat auto €XelL
oQV aoTEAEO A
erildelvwon TNC

TIVEU LLOVLKNC BAAPNC Ko
Bavato

IMM: Inflammatory monocyte macrophage

Channappanavar et al., 2016, Cell Host & Microbe 19, 181-193

Early IFN-I Signaling

Delayed IFN-I Signaling

No IFN-I Signaling

SARS-CoV ftiter

y
>

&
&

SARS disease :

Reduced virus titer
Regulated inflammation
Mild-clinical disease

e ——————

SARS disease .

o
e

Dysregulated IMM response
Lung immunopathology
Lethal pneumoni_a

T — e —
P -~
—_ S,

SARS disease

Reduced IMM response
No lung immunopathology
Mild clinical disease

B I e—.
-




Neapoc eviAkag
aoBevn ¢ e vooo SAVI

Ilvtepdepovonabela tumou |.
O OpoC MPOEPXETAL ATIO TA
QPYLKA TV AEEEWV:
Stimulator of Interferon
Genes (STING) — associated
vasculopathy with onset in
infancy

Atia: MetaAdaén e emavénon
oépaonc (gain of function) tn¢
npwteivng STING mou eivat
Kuplapyo otoiyeio — atodntnpag
kuttapornAaouatikou DNA, n b&
EVEPYOTTOI(NGN TOU MpokaAegital
aro 2'3'cyclic guanosine
monophosphate adenosine
monophosphate (cGAMP), rtou
TTUPAYETOL OQV QATIAVTION OE
éevo n autoAoyo DNA

Manoussakis M. et al, Rheumatology 2017;56:22412243 doi:10.1093/rheumatology/kex316



Evepyomolnon tnc mpwTteivnc
STING otn vuyteplda KoL OTOV
avOpwTo UTTOONAWVEL OTL LOWC
n voooc COVID-19 eival pa

eTiiktnTn SAVI

0]

0 N NH
ro——o </Nf:\

OH O o} N™ “NH,
3
o
OH O

AN ° 0 P—OH
[ i

NH3

cGAMP

To KUKALKO StvoukAeoTtiblo
cGAMP ocuvrtiBetal amno tnv
KUKALK GMP-AMP cuvBetdon
(cGAS) pe mpwteg UAeG Tar ATP
Kal GTP, peta amno
gvepyomoinon amno to DNA
TIOU €UpPLOKETAL OTO
kuttapodiaivpa. Eivat
gevboyeveg deUTEPO HUVLUA
TIOU EVEPYOTIOLEL TNV TPWTELVN
STING

Berthelot J-M, Liote’ F, EBioMed https://doi.org/10.1016/j.ebiom.2020.102801

Bat STING

(5-358 lost) Human STING

IFN-B A

!

IRF3

IRF3

[FN-B 227

Cytosolic DNA, including oxidized

mitochondrial DNA enriched during
NETosis

Fusion of RNA virus

with target cells

IkBa

NF-xB

}

Cytokines



TouAOxLOTOV EVOC TTIOAULOPPLOUOC TNC TTPWTIELVNC
STING mpooTaTEUEL OO KATAOTAOELC PAEYUOVNC
IOV OYXETL(OVTOL LLE TN YNpavon

Genotoxicity

Nucleus

Mitochondria

1

cytosolic DNA

Mitochondria . .
— (55—

Free fatty acids

SASP
Senescence

Aging-
related

Inflamm-aging .
discases

endothelial in-
flammation

related
diseases

Inflamm-aging
endothelial in-
flammation

Hamann et al. Immunity & Ageing (2020) 17:7 https://doi.org/10.1186/s12979-020-00176-y



Eyvevn opaApato tng

nopaywync vtepdpepovnc —|
ko -1l o€ Bapewc maoyovtec
acBevelc ue COVID-19

MNewpauatiko MNpwtokoAAo

>Ertidoyn yovidiwv mou meptéyouvv UeTaAAdéelc ot
ortole¢ ntav urtevBuvec yLa Baptla ypinn kKo
apopouoaV TNV mapaywyn WVTEPPEPOVNC
PAlooAuvon KuTtapwyv ta onolo Sev mepLeiyav ta
avtiotoya yovidia (aradowpn) ue ta rAacuidio mou
TIEPLEIYQV TA aypiou TUTTOU Kal Ta UETaAAayUEVA
yovidia rou ertnpealov TNV EKPPOON LVTEPPEPOVNG
6, A.

PMeAETn ekppaonc wvteppepovnc tumou | kat Il
QUTOUOTO KOl LETC aTTO OLEYEPON UE TTOLKIAOUC LOUC
PAvalntnon napouolwv UeTtaldaéewv o aodeveic ue
nreo kat Bapu COVID

Q. Zhang et al., Science 10.1126/science.abd4570 (2020).
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Plasma IFN-a level in patients with life-threatening COVID-19
p=1.4x107

607

AoBevelc pe Bapla vooo COVID-19
TOU OEV EXOUV METAAOQYHEVQ
yovidlo Ta ool vat OUOXEPOLVOUV | .
TNV Iapaywyn Wwteppepovnc-a
niBavwc mapouotalouvy |
QUTOQVTIOWLATO TTOU g &
eéovdeTeEpWVOULV TN 6pAon TNC
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L
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auto-Ab (-) without LOF va
to-Ab (+) without LOF

Q. Zhang et al., Science 10.1126/science.abd4570 (2020).



Bapewc nmaoyovtec acBeveic pe COVID-19

nopouvoLlalovv avtoavilowpato kata IFN-a kot
IFN-w

25 Multiplex

Fluorescence intensity (103)

Bastard et al., Science 370, eabd4585 (2020) 23 October 2020 1 of 12 Downloaded from
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OL KUTTOPOKLVEC
dAEYLOVNC KaL Ol
XU LOK(VEC
Bplokovtal o€
AUENUEVEC
OUYKEVTPWOELC OTO
nAQoUQ
OUUMTWHLATIKWY O€
OXEON HE

QL0 U UTTTW LATLKOUC
dopelc tou SARS-
CoV-2

Long Q-X et al, Nature Medicine | VOL 26 1200 | August 2020 | 1200-1204 | www.nature.com/naturemedicine
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OL QOUUITTWLATIKOL
dopeic SARS-CoV-2
EXOUV XALLNAOTEPOUC
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Long Q-X et al, Nature Medicine | VOL 26 1200 | August 2020 | 1200-1204 | www.nature.com/naturemedicine
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[LaTl oL NALKLWLEVOL KOLL OL EXOVTEC UTIOKELLEVA
voonuato ¢Bopac KltvduvEUOUV TTEPLOCOTEPO;



2TOUC
NALKLWUEVOUC N
Boolkn EkKkpLon
KUTTAPOKLVWV
PAEypOVNC ELVOL
QUENUEVN

OAa ta cuotnuata tn¢ QUOLKNC
avoola¢ otouc NALKLWUEVOUC
KLVNTOTTOLOUVTOL QATTO OTOLXE(X
TNC ynpoavong twv LoTwv Tou
ovoualovtat «danger
associated molecular patterns»
(uoplako mpotuma kivdéuvou),
onw¢ Spavouatoa DNA,
oéeldbwuUEVEC MPWTEIVEC, Lol KATT

TRAM: Translocating Chain-Associated Membrane Protein

DAMPs (chronic viral infection, cell necrosis,

% lipotoxicity, non-cell associated DNA, extracellular ATP, etc.

Flagellin

Triacylated
lipopeptides LPS

Diacylated
IFNAR  tam lipopeptides

Receptors

TLR2/6

90,000600868666860)

Plasma Membrane

MyD88 MyD88 MyD88 MyD88
'Basal inflammation in aging
NLRP3 Inflammasome
m 'Response to pathogens
38 &
. _I / Pro-Caspase | ~———{lalp
Caspase | A

NF-kB E ) |—T$ — tBasal proinflammatory
CI) cytokines, Type | IFNs

* ——> Pro-IL-1B —¢> IL-1B

letokine Responses to
Newly Encountered Pathogens

€0 QOO‘ | Or Vaccines
HRAPOCO
TLR7 TLR9 MrtAe: MovormaTtia LETA EVEPYOTIOLNON
TLR8 . Tou nF-kB 1tou 08nyouv og apaywyn
ssSRNA  CpGDNA  dsRNA KUTTAPOKLVWYV PAEYHOVAG

¢
6{‘(\ Kokkwvo: Movornatia tng lvtepdepovng

Shaw A.C, et al, Nat Rev Immunol. 2013 December; 13(12): 875-887. doi:10.1038/nri3547.



ALQTAPOXEC TOU QVOOOTIOLNTIKOU CUOTNMOTOC 0TNV LEYAAN NALKLa

oToV avBpwro

ZteAeylaia KUTTAPOA TOU HUEAOU
TWV 00TWV

Ovuéetepodpla

MovokuUttapa

Makpodaya

AegvdpLtika KUTTOPO KOl LUEAOELSN
Aevdprtika KOTTOPA

MAaopatokuttaposLldn devdpitka
KUtTOpQ

Aepdkn dtadopormnoinon

Xnueltotaéia

Evéokuttapikn Bavatwon Baktnpiwv
@OayokuTttapwon

Inuoatodotnon péow GM-CSF kat TREMI

Mapaywyn KUTTOPOKWWVY oo Sieyepon twv TLR1/2
MNopaywyn cuvOLeEyEPTIKWY poplwv péow TLRs

Exdpaon TLR1 kat TLR4

H onuatobdotnon DC-SIGN (Dendritic Cell-Specific
Intercellular adhesion molecule-3-Grabbing Non-
integrin), mou emaystal amno Tov L0 Tou AuTiKoU
NeiAou

MNapaywyn TNF oto 6épua

Mapaywyn KUTTAPOKLWVWVY Héow TLR
MNapaywyn IFN-I petd dLEyepon amo tov Lo Tou
AvutikoU Neilou

QayokuTTapwon Kol LETAVACTEUON

Mopaywyn KUTTAPOKIVWVY HECW OLlEyEPOEWC TwV TLR

Shaw A.C, et al, Nat Rev Immunol. 2013 December; 13(12): 875-887. doi:10.1038/nri3547.

BAGaBec DNA
MueAikn dtadopomoinon

Ekdpaon TLR5
Mopaywyn KUTTOPOKIVWV EMOYOUEVN ATtO TNV SLEYEPON
Tou TLR4 (CD14+/CD16+ povokuttopa)

OwodopuAiwon twv mpwteivwy STAT1 emayouevn ano
TOV L0 Tou AutikoU Neilou

‘Exdpaon TLR3 enmayopevn amnod tov 16 Tou Autikou
NetAou

Mapaywyn KUTTapokvwv Leta Stéyepon amo LPS kat
SSRNA
Baolkn mapaywyn KUTTAPOKIVWV

[Baou«'] TIapaywyn KUTTAPOKLVWVY ]




Ol NALKLWLEVOL EXOUV
xapnAotepn exppaocn ACE2
OTa KUTTAPO. TOU TIVEU OV

KoL OTEPOUVTAL TOU

pUBLILOTLKOU TOU POAOU

Angiotensinogen

renin

Angiotensin |

ACE2

ACE

Angiotensin I1
(Octapeptide)

ACE2

» Angiotensin-(1-9)

ACE

Iwai M and Horiuchi m, Hypertension Research (2009) 32, 533-536; doi:10.1038/hr.2009.74

| Angiotensin-(1-7)

Childhood Adulthood

% Ace2

Trained immunity L ALl
¢ Lymphocytes
Constitutional B, Tand NK
elevated lymphocytes B

T and NK
+ —

The SARS-CoV-2 balance

Cristiani L, Mancino E, Matera L, et al. Eur Respir J 2020; 55: 2000749
[https://doi.org/10.1183/13993003.00749-2020]



To cvotnua ACE2 obnyel og puBuon puoLloAoyLkNC
APTNPLOKNC TILEONC, KATAOTOAN KUTTAPLKOU
MOAAQTIAQOLOO OV KOl EAQTTWON TOU 0EELOWTLKOU Stress

Mas: Evac tumoc G-npwteivng -
urtodoyxea. OL kKwvaoeg Rac-1, c-Jun,
JNK, p38MAP Kkat n evepyormnoinon
¢ dwodoAutaonc C oxetilovral
e onpatodotnon peow Mas.

=3
Ang il o\ Ang(1-7)

SN Y

s

£ /
S \Ang(1-7)
!
AT]R Ang 1l ATQR Ang Il ‘; MaS
[T T Y]
\
+*\fasoconstriction i
*Hyperplasia “Vasodilation
::Vpem’?phy «Growth inhibition
poptosnsl *Anti-inflammatory
*Inflammation
*Collagen deposition
*Migration l

Vaso-injurious Vaso-protective

-

G M ACTE2
¢ /N J Ang 1l

Angiotensin (Ang) 11 Ang-(1-7) l

¢ * Hypertension
Mas AT2 Receptor

» Cell prohileration

AT1 Receptor « Oxidative stress

* Normotension
« Anti-cell proliteration
« Alitl-oxidative stress

1 ACE activity
[ 1 ACE?2 activity

Iwai M and Horiuchi m, Hypertension Research (2009) 32, 533-536; doi:10.1038/hr.2009.74



H xpovia PAEypOV TOU YN PATOC EVEPYOTIOLEL TOV
acova ACE/Angll/AT1R kot n Aolpwén pe SARS-CoV-2
adpavoroLel tov atova ACE2/Ang (1-7)/Mas

Ang |
ne 0& Ang 11
)

t hit

Firs
Ang (1-7) Chronic inflamma
hyp

tion di

Second hit:
COVID-19 infection
ypertension, diabetes, obesity, cancer...)
@© Ang I \ Ang (1-7)}
0&0 Ang II

©

Tseng Y-H, Yang R-C, Lu T-S: Kaohsiung J Med Sci. 2020,;36:389-392.
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[Tepldeon kat dLATPNON TOU TUPAOU TIPOKAAEL
onbatuio kot ARDS. MaAL n mapovaotia tou ACE2
NMPOOTATEVEL OO TN PAABN TOL TVELOVAL
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Change in elastance (%)
=
o

o
L

b c
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- 7
g
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Ace2 KO = lMovrtikia ota ortoia to yovidio yia rapaywyn tou ACE2 Exet adpavorotnvei
WT = lNovtikia ota onoia to yovidio tou eviuuou ACE2 SouAeUel kavovika

CLP = Caecal ligation perforation = epideon kat dtatpnon tou TuPAoU

ARDS = 20vépouo avarmveuoTikNC SUCXEPELOC TOU EVNALKDL

Imai Y, et al, Nature Vol 4367 July 2005 |doi:10.1038/nature03712



Ta YEPOVTLKA KUTTOPA EVOOWVOULV TNV PAEYHOVN

Epppuikol woBAdoTEG (57, \') O O \,) Q

avBpwrou peta 50
Slapeoelc movouv va —

Statpouvtal —
100ym Cell _
i - \
Senescence- GSSOCiGtEd / ‘ telomeres

B-galactosidase, (SABG) 2
(urAe ypwua) NG -

100pm

JUOOWPEVPEVEC Bpavoelg SMANC EAtkac DNA

BAGBN teAopepwv v' Mn anokatdotaon amnod Toug erislopBwTtikolg

» ApOOTIKEC popdEC oEuyovou HNXQVLIOUOUG

» Evepyomoinon oykoyovidiwv v’ Evepyomoinon ATM kot ATR DNA damage kivaowv
» Z0vTNén KUTTAPLKWY LEUPBpavwY — eKTETAPEVN PwoPopUAiwaon Kal SLakomn Tou

KUTTAPLKOU KUKAOU
Leonard Hayflick and Paul , 1960



[epovtodAeypovn (Inflammaging)

e Atoua > 60 etwv ekbnAwvouv * Npac
«oteipo» (6nAadn xwplic mapov

; , »>EAatTwon ptoxovOpLlokng
no®oyovo) pAeyuovn.

AeLtoupylog
»AbEnon IL-6 >AUENON MUEALKAC
»Avénon IL-8 Sdladopormnoinong
e Autn n ocuvexnc pAeypovn »AvEnueEvn abnpookAnpwon

NPOOLKALEL LELWMEVN ETILRLWON

C. Franceschi, P. Garagnani, G. Vitale, M. Capri, S. Salvioli, Trends / | | 21 615 (2020
Endocrinol. Metab. 28, 199 (2017). R. P.H. De Maeyer et al., Nat. Immunol. 21, 615 (2020).



To ynpog emntteivel Tnv aBnpookAnpwaon pe X OWLOGWLLKE 6oTaOELD
KOUPBLKO TOV poAo tn¢ IL-6 PWHOCWHLKN

, il
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(Somatnc mutations that ) (T Bone marrow adiposity ) (T Production of ) (T IL-6 levels ) T Mitochondrial genomic mstabllltyw
increase haematopoiesis,  TIL-6 production chemoattractants 1 Mitophagy / {Mitochondrial function
such asin TET2
b TETZ e Adipocyte . Healthy
. | ] o, . : e,lChemoklnes mitochondrion
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Bone E O 0 V myeloid cell >’ IL-6 o%%e
marrow 1 HSC U Q differentiation \T ROS —~/ Adri VSMC|
- X
| @1 S
v
o @ @ dothelial cell
o o o &) Q.D @ ' Endothelial ce
v1 Clonal Lymphoid  Myeloid
\i haematopoiesis 5 . o3 ROAGAR

progenitors progenitors o0
1 L N > Tet methylcytosine dioxygenase 2(TET2): To

) 1 TPWIHOTEPO Kol CUXVOTEPA HETAAAQYHEVO

TETZ -mutant Qd sha yovibio otnv kKAwvikn awporntoinen. To TET2

% o kataAvel tnv o§eibwon tng 5-

monocyte -
pneOuAkuttooivng o€ 5-
@ uSpofupeOulkutTooivn 08nywvtag o€
@@ Rccruutmcnt anopeBuliwon tou DNA

D Endothelium,

VSMC

Monocyte — TETZ2-mutant cetsh Il 1B, IL-6,
macrophage o " ? chemokines
k>.—>

Athero sclerotlc plaque

Tyrrel GJ, Goldstein DR, Nature Reviews Cardiology https://doi.org/10.1038/s41569-020-0431-7



2TO YNPOC UTIAPXEL auENUEVN cuoowpevon BAaBwv
utoyovopLakou DNA, pelwon tnc emOLopBwTIKNC
eAlkaonc mtDNA helicase Twinkle kal peLWLEVN

avtodoayila TwV PEPAAUUEVWY LLTOXOVOPLWV

Mt h 1 al
Mito h 1 1‘
bioge N 1‘?‘( t Mitophagy
CGcmbr C\—- =
Y/NGN/L H Ith\,
t h 1 ;\ \

mtDAMPS: Mitochondrial damage associated
molecular patterns

_________________________________________

Tyrrel GJ, Goldstein DR, Nature Reviews Cardiology https://doi.org/10.1038/s41569-020-0431-7



[€POVTLKEC
OVOOOAOYLKEC
QTIAVTNOELC KATA TNC
AolpuweENC e Tov Lo
SARS-CoV-2

»Major histocompatibility complex (MHC)
class | chain-related protein A (MICA) and
MHC class | chain-related protein B (MICB)

MNK-like T cells: CD8(+) T mou ekdppalouv
deiktec utodoxewv twv NK kuttapwy,
onwc CD56, KIR, NKG2A kat NKG2C
(CD159a and c), kot CD94

Arne N. Akbar and Derek W. Gilroy Science 369 (6501), 256-257
DOI: 10.1126/science.abb0762

1 SARS-CoV-2 infection
SARS-CoV-2 infects the

epithelial cellsin the upper
respiratory tract.

lfII|II||FII|II|I’Il!.ll|l’lllll|lm

MICA/B

2 Inflammation
SARS-CoV-2 infection

induces inflammation TNF-a
in the respiratory tract. IL-6
IL-1B

MCP-1

3a Activation

of blood vessels
Inflammation activates
endothelial cells that line
capillaries in the lungs.

IL, interleukin; MCP-1, monocyte chemoattractant
protein 1; MICA/B, MHC class | polypeptide-related
sequence A or B; NKR, natural killer cell receptor;
SARS-CoV-2, severe acute respiratory syndrome

coronavirus 2; TCR, T cell receptor; TNF-a, tumor Q‘
necrosis factor-ce.

5 Destruction of lung tissue

The infiltrating T cells recognize
MICA/B and induce TCR-independent
killing of NKR ligand-expressing cells
inthe respiratory tract and lungs.

Respiratory tract

D )

3b Induction

of NKR ligands
Inflammation induces
expression of MICA/B

on respiratory epithelium.

4 Recruitment
of NK-like T cells
The activated
endothelium
promotes the
infiltration of highly o
differentiated T cells

that express NKRs,

such as NKG2D.

Capillary



neputetela tov epoAtov kata SARS-CoV-2



Baowka otadlo TN avamtuénc avooloc amo eupoila

VACCINE BASICS:

The body’s adaptive immune system can learn to recognize new,
invading pathogens, such as the coronavirus SARS-CoV-2.

«:‘,:':’;;A Coronavirus
v 1;’
Coronavirus infection*
1.Virus The virus uses its surface spike
enters protein to lock onto ACE2

receptors on the surface of
human cells. Once inside,
these cells translate the virus's
RNA to produce more viruses.

the body o .7, » Spike protein

', ¥
. —— M protein
v ~ - RNA

v

o d 4" v
L ACEZ2 receptor
2.Virus enters
a cell /

i Viral RNA
\{ A, » Vesicle translated 4. Virus assembly
: — into proteins
LT T
).
- LN
v - f"'\’"l-,z -
41Ny —
3. Virus fuses with vesicle
and its RNA is released
5.Virus release
. T
A, A
o —4

gtme response*

Specialized “antigen presenting cells’
(APCs) engulf the virus and display
portions of it to activate T-helper cells.

T-helper cells enable other
immune responses:

B cells make antibodies that |
can block the virus from

infecting cells, as well as mark

the virus for destruction.

Cytotoxic T cells identify and

destroy virus-infected cells.

B cell Anti-coronavirus
7 antibody

N
B

PN

A

Prevents virus from 4;':}4
binding, or tags it %« ,
for destruction ~\

Long-lived ‘memory’ v \/
B and T cells that

recognize the virus

can patrol the body

for months or years,

providing immunity

*Simplified

v

T-helper cell P

s ¥ Virus ingested
C g it ™ by antigen-

. presenting
\cell (APC)

Viral peptide

\
Cytotoxic
T cell
Destroys
infected
cells
\ 4



EuBoAla pe e€acBevnuevouc Loug
nmopayovtal amo moAAamAQ
MEPAOUOTA TOU LOU 0€ KUTTapQ
avBpwrnwv N {wwv, LEXPLC OTOU LLLa.
Tuyola HLETAANAEN KATOOTNOEL TOV LO
LUN-TOELKO (MN- LOAUGCLLATLKO) YLaL TOV
avBpwro

EpuBoALa pe adpavormolnpuevouc Loug
nopayovtal adol cUCOCWPEVCOUE
LEYAAEC TTOCOTNTEG TOU LOU KoL TOV

adPaVOTIOL)OOULE LE BEpavon N UE

dopuaAdelion

Weakened virus

A virus is conventionally weakened for a
vaccine by being passed through animal or
human cells until it picks up mutations that
make it less able to cause disease. Codagenix
in Farmingdale, New York, is working with the
Serum Institute of India, a vaccine
manufacturer in Pune, to weaken SARS-CoV-2
by altering its genetic code so that viral
proteins are produced less efficiently.

Inactivated virus

In these vaccines,

the virus is rendered
uninfectious using
chemicals, such as
formaldehyde, or heat.
Making them, however,
requires starting with
large quantities of
infectious virus.

Vaccine
& e A, oA
R ~2 » or o R,
- ~ L
r
v v
4°1') = 41"y v
Antigen-presenting cell
|
. Coronavirus
— peptide
; : 4
\ i ¢ Immune
7 3 response
BEM

Virus replicates



Replicating viral vector Non-replicating viral vector

[ovLOLO TNC LUKNC TIPWTELVNC
KATA TNG OTOLAC OXEOLALETOL ~ fuchasweskenedmeastes)  (such asadenovirus)

’ ’ is an example of a viral-vector method, but they have a long
N APaywyn avilowHatog celle, Such vaceines tond to be Booster shots can bé nesded to
! ! ! safe and provoke a strong immune induce long-lasting immunity.
“.E O (L) TO U E “. B O)\ LO U E LO O(V ETGL response. Existing immunity to the US-based drug giant Johnson &
vector could blunt the vaccine’s Johnson is working on this
- - - - - effectiveness, however. approach.
o€ LO-Popea (Un-taBoyovoc
AL, Coronavirus a, I Coronavirus
o : -
, , , A - spike gene N W—splke gene
O LOC UITOPEL VO OVATTOPAYETOL OTO anle > or -
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To e BOALO UTIOPEL VO TTEPLEXEL
Lovo to RNA yla tnv mpwTtelvn
KOTAL TNC omolac emBupoupue va
avarTtuéeL avoola o Anmnc. To
RNA eLoepyeTal eUKOAQ oTa
KUTTapa aAAa n dLaxelpnon tou
elval duokoAn (Bepuogvaiocbnto)

MrmopoUpE va ELoAYOULLE TO yovidlo
TTOU KWOLKOTIOLEL TNV IPWTEIVN
EVOVTLOV TNC OTTOLOIC OTOXEVOUUE VAL
SNULOUPYNOOUE QVTLIOWMOTO OF
eAeVBepo DNA SutAic €Akac, aAla
XpELaleTal ELOLKOC XELPLOLLOC YLa Vol
eloeNBel ot KUTTOPA
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Electroporation Coronavirus

spike gene
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electroporation
creates pores in
membranes to
increase uptake of

DNA into a cell /
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RNA vaccine

RNA is often

-— encased in a
r-"'r lipid coat so it
can enter cells
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Coronavirus
spike peptide
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RNA- and DNA-based
vaccines are safe and
easy to develop: to

/ produce them involves
making genetic material
only, not the virus. But
they are unproven: no
licensed vaccines use
this technology.



To epOALO pmopel va artoTeAELTOL LOVO ATTO TIPWTEIVEC N
TIETETEIITETTE]  lka cwpatior oaAAQ XwpLG YEVETLKO UALKO

Protein subunits Virus-like particles

Twenty-eight teams are working on vaccines with viral protein subunits — Empty virus shells mimic the coronavirus structure, but aren't infectious
most are focusing on the virus’s spike protein or a key part of it called the because they lack genetic material. Five teams are working on virus-like
receptor binding domain. Similar vaccines against the SARS virus particle’ (VLP) vaccines, which can trigger a strong immune response,
protected monkeys against infection but haven’t been tested in people. but can be difficult to manufacture.

To work, these vaccines might require adjuvants — immune-stimulating

molecules delivered alongside the vaccine — as well as multiple doses. VLP
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ATIQULTNOELC ATIO EVAL ATIOTEAECUOTLKO KOLL
aoPaAEC ELPOALO

* Na pnv eiva ToéLko

* No. avarmtuooovTol YpNyopo LOXUPEC AVTIOWUOTIKEC OTTOKPLOELG KOTA
Tou taBoyovou otov AnTtn tou epoAiou

* Not avaITTUOOOVTOL KUTTOPLKEC OTTOLVTNOELC KATA Tou maBoyovou otov
Anrtn tou epPoAiov

* No. TpoohEPEL AVOOOAOYLKN VAN KOIL OUVETIWE HOKPOXPOVLA avooiol

* OL QVTIOWOTLKEC OTTOVTNOELC VA €lval EEOVOETEPWTLKEC YL TO
noBoyovo

* Nou pnv mpokaAel mepattepw evodwaon tTne Aotpwénc (antibody-
dependent enhancement of viral infectivity, ADE)
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Anti—spike IgG
causes severe
acute lung injury
by skewing
macrophage
responses
during acute
SARS-CoV
infection

ADS-MVA [modified vaccinia
Ankara (MVA) virus encoding
full-length SARS-CoV S
glycoprotein]

ADC-MVA: control MVA
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A L’) O -[ L’) T[ O L ro-tropic vises:dengue virus, FIPV _
ADE

A) o 1oU¢ onwc o Aayyetog
TTOU UrmopouV va {HoouV UEoa

ota uakpopaya to aviiowua Non-neutralizing A R 'is.rf“
ouu 6 dl M ELOTNV E [ oo 50 TOU LO 0 antibody Monocyte/macrophage Enhanced viral replication

O€ UOVOKUTTaPA-UAKPOQOyd b
uéow tou umtodoxea FcyRll
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Respiratory viruses: RSV, measles




To dawvopevo ADE
eéapTaTal amo pLa
abktn
KUTTAPOTIAQLOLOTLK
UTtoLLOVA OO TOU
FcyRIIA
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>0POoKANC: Avtlyovn-'Evac Upvoc otnv
ETILVONTLKOTNTO TOU avBpwrou

* MoAAa ta dewa po art’ Tov avBpwro, SEWVOTEPO KAVEVA
Mepva Tov apPLOUEVO TIOVTO HE TIC POUPTOUVEC TOU VOTLA
2TNn pEon okaBeL to faBU Kol POUCKWUEVO KU
KoL TNV unEptatn Bea, tn ' tnv adBaptn matdeveL TNV aKALLATN

OpYywVOoVTOC UE T KOLOTEPA XPOVO TO XPOVo PLOocEPVOVTOC AAETPL.

Avtyovn, otiyot 332-340 Aglvd = KovaA, aUTA TIOU Ta KATtadpEPVOUV



