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HE NOBEL PRIZE
IN CHEMISTRY 2020

Emmanuelle Jennifer A.
Charpentier Doudna

“for the development of a method
for genome editing”

THE ROYAL SWEDISH ACADEMY OF SCIENCES

Bl- :2020% 2 0 i 5 pEF RS IR(2] o

2020 PO H A kp EFROA S L F R E 4 (Jennifer Doudna) £ % p i B hpcd p
BRrXE &fF % A% # (Emmanuelle Charpentier) & =% ]t’:?ﬁ R sRE s A TR B4
Flle B 2 | 2 ?[]% (Bl- ) o4 % B3 I CRISPR/ Cas9 4 F13 7 (genetic scissors) [2] » & * pt 2 7]
P P AR T URH AR BB > o2 #PDNA > Flpt o R E2 GRF A2 0 R Sk
PR I B A ATRR R E D ?1}% N A mﬁpﬁ Blp o B R [3-5]

CRISPR/Cas9 # #]1 7 {& ( genome editing) & - B & *t g R > & =418 RDoudnat? L £ Charpentier?
L EPF R G M Y - BRI AR R [6] 0 % p# DNAE » fmie o T g d L R T R
o RE A *?:ﬁfﬁfr R Aok & oo 2006# 0 &5 - - & ORNAAP B A T 5% Doudnatf? L f £ F4e N < B
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I T e 51 - /%,Fxﬁ'?!’ﬁéﬁiyri’Charpentierq‘—?‘.‘-i_“if%é’sfﬂ? Cas9enis fo v » #2011#& > 3%

Nature #f 71| % % ‘w 7 4 F| 48 ¢ HCRISPR 5 7| #7813 4 k eh & BLRNA » F & % 5% % & i RNA (trans-
7l 5

activating RNA » i i % tracrRNA) %38 > *%’ pL AP RNAse T~ &2 2 s Fod > # wF kL %?:}?3:?# B2 [15] -
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AR Aot S 5 Y AR pE R R - 84 k3 DNAS » 2 A Fag Y 2
CRISPR » 1% & #f4* '},iai RAaislRefiicr F3 4k m}ﬁa% DNA » & pF » % itracrRNA#7 CRISPR RNA
A ¥ RNAHE IS4 - 2F T 7 9Cas9 v 5 *’*”f% st A Cas9key Fihrt i R o0 (EF o B[ kg3
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Streptococcus’ natural immune system

against viruses: CRISPR/Cas? 4{ Q&.

When viruses infect a bacterium, they send their harmful DNA into it. If the
bacterium survives the infection, in inserts a piece of the virus DNAin its
genome, like a memory of the virus. This DNA is then used to protect the
bacterium from new infections.

STREPTOCOCCUS VIRUS

BACTERIUM

O"
REPEATED VIRAL DNA -
SEQUENCE %
VIRAL DNA VAL ONA -
| W

L—————— CRISPR DNA

CRISPR section of the genome. Between each viral

1 The bacterium inserts a piece of the virus DNA inthe
DNA is a repeated sequence.

CRISPR DNA is copiedto W
2 make a long RNA molecule.

cRisPR 0Nt — DODODODDBBDDDBE
yyy
CRISPR RNA —,

RNase mn |
Jr
. GENETIC SCISSORS
CRISPR RNA "
- “1
TracrRNA fits with the repeated section of CRISPR
'-._ ; RNA like piece of a puzzle. When tracrRNA attaches
5 7 to CRISPR RNA, the scissor protein Casg also links to
", rd the complex. The long molecule is then cleaved into
\.__Era:rRNA,‘,- smaller pieces by a protein called RNase II1.

The finished genetic scissors contain code wr
4 from a single virus. If the bacterium is
reinfected by the same virus, the genetic

scissors will immediately recognise and
disarm the virus by cleaving it. /-\
i)
VIRUS DNA

B = : 4I* CRISPR/Cas9 4 b}f#m}fﬁ-&-\gu WHI[2] -
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(Guide RNA » i #i- 5 gRNA) ##35 0 £ 4 71 » § 7 39 Cas9¥ “f 8 eDNA o £ 1 * fw%e & £ chDNA

B e r A1 A AR HAT S > EF A TR arck (FZ)

The CRISPR/Cas? genetic
SCIssOrs
When researchers are going to edit a genome using
the genetic scissors, they artificially construct a guide
RNA, which matches the DNA code where the cut is to
be made. The scissor protein, Cas9, forms a complex

with the guide RNA, which takes the scissors to the place GUIDE RNA
in the genome where the cut will be made.

GENOME

A B

Researchers can allow the cell itself to repair the cut If the researchers want to insert, repair or edit a
in the DNA. In most cases, this leads to the gene’s gene, they can specially design a small DNA
function being turned off. template for this. The cell will use the template

when it repairs the cut in the genome, so the code in
the genome is changed.
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2019# 127 A4=7 R 4 ﬁ’ﬁ B AP R FPE Y > B R AR F A o SN2020F 1% 15p 2
490 TERERFARBLHW Y | L 5T 82 L@#««}ﬁa 2020&2‘9 11p & ﬁ"‘f&r,_._‘f (WHO) #-pt s & 1 3¢
é?v A rfsk;}#}r%-arﬁ Ji-19 (coronavirus disease 2019, COVID-19) ; » R*%Zp+ & 2 555 € pI# 54 &

L G TR E A viiﬁﬁin%%i%ﬂ%:}ﬁq%2 ('severe acute respiratory syndrome coronavirus-2, SARS-CoV-
2) ; ©2020#3% » WHO#%- "COVID-19 ; &4+ % " >3k <57 (pandemic) | * & % t‘*:f:i:]}% [ESE i Ul L
BRFEFFDIRA G A gy m o BEWHO R E R4 (WHO COVID-19 Dashboard »
https://covid19.who.int/) # 1 2021#3 " 10p #icdy ’\I#COVID-I%E%-'}]% Gl - - F S E B -
A AR B260% ] o 2IRCOVID-19£ v 2z B8 @ SRB=R- F 5 F 4 > d 2 F R FF B 54216 |
AR T R R R - B30 107 5t 4G 4 5 LR

PRI AT R A 091% 0 ATH - R RS A iy AR EARE 0 e E REC e R A R EFYRR
R34 578 E A AR ARG G R R YL 0k B RS LR ) SARS:
CoV-2ps# ZRNAJA th- 46> AFI% 3 R MR FREA> 283 5 ¥

= ~ SARS- COV-ZL"f‘J%"’}#l E=T e

v#ﬁf;% ( Coronavirinaes, CoVs ) #.i$ = L 8g 82 # 3 5 @mé‘i J];‘GJ%"%‘*" bR SRR AT S B ARA
TF g R0 SR A F] ﬂ@oﬁ#@*gﬂt4€%¢w%#mﬁ@ B A j 2l @d By P
s fé“ el koA o AR A RpE gk s Ao @ SRAE AR e BER
— £ b et vh%ﬁ_ B A T Hnivhggi JE 1F SRk }];‘5:}. (SARS-CoV) ~ 7 & eF S g iF 3 5k }]—;‘:]_q.
(MERS-CoV ) ¥ 373 5} I}is—w SARS-CoV-2R 4 & b — 45 A 35 55k [}iﬁ—q‘ EREE ML BET N NI
Tt LBt FRBE o

SARS-COV-2/§£‘1B%}%J}‘5$ (B-coronavirus) > & F ‘F B N2 H A @RNA:}F‘S:? (enveloped positive-
sense single-stranded RNA viruses, +ssRNA) > & 342 & ®2) 2 ¥ 7) > € [£60~140 nm[1] > H & Fle 2
£.29,903 ik A ¥+ (GenBank accession no. MN908947 ) - ¥ %75 9860 B "= ik » & & ¥k Fv (spike
protein > S#-v ) ~ 3£ #v (envelope protein > E3-¢ ) ~ % 3-¢ (membrane protein > MF-v ) % ¥ i 3
v (nucleocapsid protein * Nj~v ) = @ igfEdy » 2 H v 2L 45 3v » 4ok A 39 f5fk 3= & (papain-
like protease, PLP™) ~ 3-3% % ' 3=v fi# % k-v f¥ (3-chymotrypsin-like protease, 3CLP™) ~ f# g fis
(Helicase ) ~ RNA iz #f [*RNAK & f# (RNA-dependent RNA polymerase, RdRp) (Bl- ) -

SARS-CoV-2ee 8. ;H#_ﬁ»w E32kHa 0 SEY FAaBHAE - BEASIKMEER (receptor
blndlng domain> RBD) > st #B P EL&mimede X4 ¥ - BES2. B %E}];‘wrfr CIENKCEER =

B L ”erru ; Mﬁ\” A0 o '&L‘Eﬁfi* e L{e@ i Edd L L4~ "3—”’”?“[”74\ ’
B T HERe chith {518 ’f? FRE AT BBV Va2 TRk ffi-* F i Alme & m EFR Mt 2 Ff?-%- kil
£ faafod pis rzg P NJ-d =3tma p 3t @ fopa ool 84 FRNA > et 4 1) 5 (budding) > v
# #[2-6] -

Sihv HEF 2 A u B Rie g 4ofl- 977 - Shd B3 ZRMEgE e Y
(homotrimeric class I fusion protein) » ¢ z = B ~% : S13 A& (subunit) RBDﬂfr'S2 T SITAE 7 1
bk fﬁi* (NH2-terminal domain, NTD){e2¢ L =4 %2 fﬁf\i ( COOH-terminal domain, CTD) » T i®id ¥ AES*
B L ﬁfﬂ v B P4 T ehd-d fEtr B)S1/S240S2' 8L ok o RBD=*S1-CTD® » & 2 3 wbe & 5 F e
¥ lcdgE # - p#2 (angiotensin-converting enzyme 2 » ACE2) X #35 & #7& F cho S2I g4 )= = R
%ﬁ.ﬁé—fﬁ (homotrimeric assembly ) » ¢ 7 &%~ (FP) fra -~ *x€ 47 5 7] (HR1{rHR2) - & :fla‘az*r B
i £ e g [6] -
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Spike (S) protein
Envelope (E) protein Bin!:ling to host cells & entry
Viral assembly & release f__f,,.v Major target of COVID-19 vaccines
Viral pathogenesis

1152 82'
1 [ HR1ICH HR2/CT

FP co
Membrane (M) protein Y
Membrane stabilization @ 52
i .;E TATATTT SARS.Cov-2
51
Nucleocapsid (N) protein RBD
MRNA replc PR LN
mRNA replication , : I
Viral budding SobiLLLY ot o

Bl- SARS—COV—2.,"=‘$+§_—F’¢ 7 H % 4ARNA > T %75S » M » EfeN3 -9 F[6] -
(RBD, receptor binding domain; NTD, N-terminal subdomain; CTD, C-terminal subdomain (CTD); FP, fusion peptide; HR1
and HR2, heptad repeats)

= + SARS-CoV-25 % i 41

SARS-CoV-2fr= i5ffi# = fh 4 &3 LRNARE i - 4 3 LRNAG U7 & R pHoik ffrit £ 8 > >
$ AL A 7 R Glm e s Rk A B o F » f SARS-COV-2i5 S Fv 2 4 B 4
difF R X WACE2 ‘55 o ripa A FLERNAG H0F - @3k ﬁﬁ*RNA%rﬁ‘?’ é % ﬁﬁi*RNAﬁ"@i*frIﬁi*
1530 MRNAT 30 e B - 17 T 1 rEB FARRRip  meads  pd Fiek
BErHT e oo ot F RiEARY o B E L meak pF o B e 4947'* 7rﬁ‘»%¥‘¢£m AAFUF K ei

FA R G A FEERBBOLR R R BFITIR-)
SARS-CoV-2 ﬁ

SARS-CoV-2 life cycle

Binding of SARS-Col-2 spike protein
s angmtensinﬁ:?ﬁﬁing enzyme 2

Viral entry and = ._~_ e
ACEZ down-regulation x’:.“ | 4 " P
::- Assembly and release of
b new viral partiches via the
ER-Golgi-exncytosis pathway

. RMA repllcatloﬂ Translation
Ribasames W mr:rl"l"rl-ll ~ Enduphmmmtmlm

N N

rd | oy,
Translation of viral polymerase \.-:-' _c ,1< R — | "y,
o

l Releage of viral AMNA

Bl- - SARS-CoV-2% & i ¥ © j&27 ACE2% R 25 & 5 m‘rf% e~ 1;%,:1 . a;:kfrﬁ*xm
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P ¥ 425f {.SARS-CoV{rSARS-COV-2it » 3t ff  fmes i (20 AL 1S I P FRBDY * s imes 4 5
tIACE2.% £ it (7 e o 2SARS-CoV# > SARS-CoV-2 S¥-v Sl/SZ*ﬁ' ¥ T#’l/ B & e RBDa& 2 22 ACE2
2L o %SARS C0V2}3‘r,‘4}f{.\4‘ FA e pE s ASIHS2H N R B 5 BEE ]ﬁz}*ri 1R (B
Z) o % - B im kv i fs furin (proprotein convertase furin) f F *# & S1/S2 # it % ¥ > @& 7513w
L+ RBD{em L eh ACE2 24 B R vqc4 o % - B 5 B5%5% 4 Bk 3-v f#2 (transmembrane protease serine 2,
TMPRSS2) » &aSkv % @ACE2§."§ 6 LB Skv > B HH S2“‘*f§J@‘" R mre Hﬁtﬁﬁﬁ [8-
10] - 22SARS-CoV X M $ & ®Henig & # 40+t » SARS-CoV-2 £ #1 % & % HACE2:8fr4 3 510120
BT EER BT R ]v+ACE2 & 5 ¥ i £SARS-CoV-2E § zg& 24 h- BERR 5'1[11, 12]

SARS-CoV-2
Spike

1MPHSSz
é ) Spike
/ Furin A

‘ ' protein
ACE2

S1/S2 subunits cleavage by furin and
SARS-CoV-2 genomes penetrate into
[the host cell

SARS-CoV-2

Bz - FurinfrTMPRSSZ & # % SARS-CoV-2
193¢ o #8775 A ik chACE2S M2 &
[10].

TMPRSS2

ACE2

Host cell

B~ Bd-k F ICRR AR L2 & F fCiEA 1 f52 (RAAS and ACE2)
TE-n F T 57 - F % ¥t (renin-angiotensin-aldosterone system, RAAS ) 3 & & B{cfl k5 2 g
B Ak E e el o SRR S & i F T qﬁ-% % (Angiotensinogen) ¢ %% (Renin) F-v f#Figita;=
& g iedEE] (angiotensinl, Angl) > Angla #8525 4 FE e, v 2 04 & FlesgR @i pF
(angiotensin-converting enzyme, ACE) fi* 5 s ¢ Jc¥5 & Il (angiotensin II, Ang I1) » 4 % § fc¥za ¢ F
Food G FlEET P ORA T A RIEFER > GE TR Rop T L e Ma M MRFER LRSS -
Ang IIZ RAASOB 433 & F] =+ > ¥ il i jeigi I 813 <X 8 (Angiotensin II type 1 receptor, ATIR)
feMas 83 FG 3o i 55 £ 12 4 ’f Wi o ACE2ir i1t Ang 15) i3 % Ang-(1-9) » % #Lit Ang I1%) f &
Ang-(1-7) - Ang-(1-7)&2Mas< #8%2 & » RiEn 'g EP5k > Fig IV fodd A (T > M 33 0 Ang lleniE# o
ACE2/Ang-(1-7)/Mas#h2? ACE/ Ang 11 / ATIR$ih ik 3 #ofr £ RAAS ¥ & 23 & 18 /7 « SARS-CoV-2F8 3ot ¥
22 Ang [ % ACE2 » it @ fE¥TACE265 14 0 4c }jJRAAS_'ﬂ"!Z T fgE o jEm ERAng 14 F e ’g ”]I‘Fﬁig Svfe
Ang-(1-7) /i $chom § &F3RF 2 [10] 0 1@ B9 0 en Bl B34 > 3 SRR gk 0 RS ERBE Y
B ok % % 2B o
ACE28 - #% 3 33 cn2 B fr > BIAIBSOR Y > B G300 iR TR TS 2 8
fex g Emre? > A BT A - ﬁ,é_,a ¥ & ;% (membranous) - & 35 2309 ¢b PN PD
(peptidase domain, *sfF 43 ) ¥ 5 & 2 SARS-CoV-2 S+ RBD » 11 % i3t chCCLD %
( Collectrin-like domain, collectrin#k. ‘L’f#_ﬁ:\i) v 3wz > W iF G SARS-CoV-2 Skh-v i f8 ¥ - f&
ER- (soluble)ACEZE |7 5%k @ [13] - SARS-CoV-2» RiL i+ *q [} S-protein a3t £ 4§ 1 ‘m
% mACsz Mo 8% MWL AFurin foTMPRSS23-4 frsr 3] » M# o ACE2% i Hf & 4724 b e
L EE (B1=)[10, 14] - #B BE* TR S L F R R F 3 3] 10% ihimee ¢ pF & T ACE2 e
TMPRSS2 » # ¢ = fak3 ¥ sk SARS-CoV-2 st m,‘m”f Al ¢ R ey sk A b w2 (goblet
secretory cells)) > ¥ $Ren% I1 3] % je 'm?e (type Il pneumocytes) 14 % it if e fo b # b gL fm¥e
(absorptive enterocytes ) [15] » ¥ *tF2 % + ’?IFL 60f 11+ cht & A frl 5 fithpeant o B ag fri i
Boehs & Aqpit o ¢ L F SR E Rk o A ABIRH TR L@&Vi,ﬁiﬁj‘ » & * ACE#r#]#| (ACE
inhibitor, ACEi ) {rATIRFE# #] (angiotensin receptor blockers, ARBs ) 5% {6 » ACE2e4 if &g ¥ 3 4v > »
# % 7 SARS-CoV-2f¢ % e & 2K [7] -
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Renin-Angiotensin-Aldosterone system (RAAS)

Angiotensinogen

} i)
Angiotensin (1-9)  «——CACE2 >— Angiotensin |
| | CAcED b—ce
Angiotensin (1-7) «——(ACE2>——  Angiotensin Il Ble ~ T3 -. ? Iz ﬁrﬁ% 'ﬁé—r_ﬂﬁﬁ ,:% 15 (RAAS) [7]

(ACEi, angiotensin-converting enzyme inhibitors; ARBs,
angiotensin receptor blockers; AT1R, angiotensin type 1 receptor)

« $#LSARS-CoV-2& #
B OATE @ R i 7 ok

\\L

EE L A~ :Jﬂl *5 (non-pharmaceutical intervention ) » 4B 4 23 ~ @3F B

IR ~ RS E € F LR F B2 J;i v TR A 2 ¥ a4k B o SARS-CoV-2 5 H L
é;éRNA:[}isi > H BHERY o 4oSH o frd 540 ?E?H#‘}‘»w » 4oPLP© ~ 3CLP™ ~ Helicase ~ RdRp ;,Ip‘a* H#

ﬁﬂﬂw%ﬁﬁ*oﬂ&’évﬁ}namﬁmﬂ%r@ Fiog ki o TR NTRE AR AR A

BAFRHE . ¢ SRR A LFEEEATE A B S R B AL p A R R s

%P@%%“%ﬂ’”ﬁﬁ%%4;$m§wﬁmﬁwﬁ$-ﬂ-ﬁﬂNJ&%W¢ﬁf@*mﬁ%%4

4 [16-18]

COVID-19n% 4= 73§ » 4= 3 B B E 2 EATH Fok > JI* L Aispk A o
MERS-CoV) th#E$ 5 A # > &:iE NI L FSARS-CoV-2eniz E 4 >
-) ’:fﬁ;},%& FZH 4 ¥ (Remdesivir)

mPe <

%;Lga- ' 4% (SARS-CoV -
VLA IgigeiR Em (&
‘Q%%MMﬁiRﬂwme\%Wﬁéfgﬁﬁﬂ%

(FDA) & 7. * 358 COVID-19 i P‘mé—‘k 12 Wremdesivir® 3 # R % - » frE- - KA hE
¥ o @ %% 2% (hydroxychloroquine) /% % (chloroqulne) CBEAR T AR E R R A B RN

ﬁaﬁﬁ%%’@wwﬁ&ﬁ%ﬁﬁ’”uw4rm€*1w’Tmﬁﬁ?Fmﬁﬁod%i%@%#m
BE* > 2 22 remdesivir £ * Vi § Fl 5 B L T éﬁ‘rﬂ#ﬁ,ﬁﬁ £ 2% T 5 32020£6% 15p @ FDA
few 2 # 35 % COVID-19 m%‘ L LEH dxﬁ’/ﬁ;,rﬁ% HLd o p o f’é’ﬁ F % 22COVID-194p
B ik iR sk it (7[19] o o 3%3F 5 SARS-CoV-2 g 4 & B BAEP w92 jcE (cytokine) P EEH B o rﬂ n
& * fmve g frd | A en g B EA] ¢ 35 IL-6 #7411 # Tocilizumab, Sarillumab, Siltuximab & ~ JAK Fr 4] #
Ruxolitinib, Baricitinib®% ~ IL-1#r#1 3| Anakinra > % % L Z4H 5 > ¥ 5 %ﬁ ERL-BENCRED *o ) 9 i A é’w’i
boge o EIaRonk 0w FieRpd *?:}jﬁ%} B ']“5‘ FRAR P 2 i (convalescent plasma) * £ 3 SARS-CoV-2 ¢
B FLCA SRR L F T ARG Rk o ed R L H R WU AEETE o PR
AR EEY oM [F ?-fr§$,3m’f'é’ 2B ek 0 aev U & CD4T ~ CD8 Thmbe chjp i » I S gt fm
g A kal A WF fenimie F)F o e o iE B NATE R L s s ¢ F 5 RiRR R E Y [6] -

Repurposed drugs for COVID-19.
Category Drugs Mechanism of action Status of clinical use
Anti-viral Remdesivir Inhibition of viral replication Approved by the FDA
Favipiravir Inhibition of viral-RNA dependent RNA polymerase Under clinical trials
Lopinavir-Ritonavir Inhibition of protease enzymes (HIV reverse transcriptase inhibitors) Under clinical trials
Umifenovir Inhibition of viral and cellular membrane fusion Under clinical trials
Camostat (TMPRSS2 Blockade of viral maturation and entry to host cells Under clinical trials
inhibitor)
Hydroxychloroquine Inhibition of virus entry, elevate endosomal pH and interfere with ACE2 Emergency use terminated by the FDA (Serious
glycosylation cardiac events)
Azithromycin Indirect inmunomodulatory effects Under clinical trials
Tocilizumab Blockade of IL-6 receptors and its downstream signaling pathways Under clinical trials
Anakinra Blockade of IL-1 receptors and its downstream signaling pathways Under clinical trials
Anti-inflammatory Ruxolitinib JAK signaling inhibition, Immune suppression Under clinical trials
Baricitinib Inhibition of viral invasion and JAK signaling. Immune suppression Under clinical trials
Thalidomide Reduction of inflammatory cell infiltration, reduce cytokine storm Under clinical trials
Glucocorticoids Suppression of immune and inflammatory response Dexamethasone authorized use in critically ill
patients
Monoclonal Bamlanivimab Inhibit viral entry into host cells Emergency Use Authorization
antibody Casirivimab and Inhibit viral entry into host cells Emergency Use Authorization
imdevimab
Plasma therapy Convalescent plasma Virus elimination via virus-specific antibodies Under clinical trials
Cell-based therapy Mesenchymal stem cell Facilitate tissue regeneration and immune suppression Under clinical trials
NK cell Strengthen immune response Under clinical trials

+
E

~ EATH 2 COVID-19:n% F+ 3 4~ 5f »

Er B IR TR @ R R[6]
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¢ 5oSARS-CoV-2H i1 i8S ¥-v P ACE2X 4 % & » K ‘Iliﬁ—%- HAVEFERE AN R A R o BT
MSARS-CoV2 R & ithd G i T &P aﬂ;}mSARS CoV-2 &4 sf e trio 8L > 11 2 4-4tie gl
ch# 4 ¢ * {1t » UmifenovirfrCamostat mesilate ¥ #§15 # i& » &g £ 42 o & L EP 5 1w
(endocytosis) i » 'm*¢ > hydroxychloroquine / chloroquine$r+#|c 5% m e p /% -] 48 (lysosome ) fhdg & & +
HEACE2E g 1 o 4 RNABLfE 3 5 A wmie Bl 2 F dpd § ;M (viral polyproteins ) 3CLPfc
PLP© > ;27 785 (Lopinavir) /4]3 7% % (Ritonavir) i & i%i§& Iﬁa# % %9 % & #r4|3CLPOfrPLrogE
tho ¥ s A AW F ERNAK & 7 > @ Remdesivir § 7% 20374 = m},}?& RNA*® » HIRRNAS & i2jF »
JEom FE f}ﬁs-‘% AW o A e R SARS-CoV-2R 4 € 34+ & 'w¥e F]5 3> ¢ IL-6 0 IL-1B » IL-14¢IL-1
¥ A NF-kBfrJAK-STATU 5B > F1* Tocilizumabfrsarilumab ¥ k4148 5% & 3] 5few 3 f2IL-6< 18 + -
¥ $r | JAK-STAT 3 5LEL 2 7 R 33 3 LI % > 2 4| * Baricitinibfrruxolitinib$r #|JAK1{rJAK2 eijgcfis i 14
2 1 #* IL-1% 88 #FuHlanakinra > ”3 LR CU RS W foe e g 1 s R [6] -

Convalescent

P plasma

\( Umifenovir
Choloroquine

,LHydro chloroquine

N
endocytosis
Viral RNA P

Remdesivir N\ /NN

G

- /Wi”

=
R e

ap)

Ekﬂm u % °6 )
It

Bl I ~ SARS-CoV-2R % fris 5Lid B 1% 5 B feisf ¥e 4 chm £ B[6] -

+ ~ COVID-19 £ v~

FSARS-CoV-2#72 B 3 >0 % MR 2 E_—’ff BERIELEE ﬁ%«iﬁ 5 — AR R .{L-ﬂﬁ s ok wHE
AL &8 2 0 F R ikit o @ ,‘.’ Y EEHFEMALA G » 7 ERBELIEH COVID-19% f e
TR g > RE RN ALF 3 E

BT FHSARS-CoV-254 2 H Al ke » B 13007 BAE o M) 40) BL s fphi®h 0 H
P 3 10 et I TRk 385k ¥ > R A LR enfih & Jf $HSARS-CoV-2E 3 #F R 1> T 5 34L& kA
G| o SFv RBDE_i# SARS-CoV-24 4 j#1eni & {5k » 5 1F - «‘}]%% BACE2X 4 > 7 "'%Hﬁfsa
WA etz P 23V i Ay > ¢ 45d FRFDAF Bz BRER Y £y > & W Ed dmggd
o §2H o 7 (Pfizer/ BioNTech) 2 # % % BNTI62b2# w > % B 484 (Mozema) Ly R ey A ?stNA-
1273F % » pt 5 % s mMRNAZ 3 o frik 2 2 7 (Johnson & Johnson) #72 ZDNAKL w « ¥ - & A L4 W
BT Lt SR ARBNAZE Y > Ed BR2E L F (Oxford University ) frfe 2738 ] & # iz
(AstraZeneca) £ T DNAKE w o

mRNAZ & B 5 503k 3 > B4R > 1% "5 F 2 F %4 (lipid nanoparticles, LNPs) ¢ %message
RNA 5 #SHiR %fh crmRNAYEE 3| .g_u,‘.m”e mfm”? o3 diemhniy » MFERADLEF B
- B A mMRNAAK @ 96353 ch¥ 4 3 2758 > 7 2 aha 3> 3 L0 (b fotll p iR MALR & sigih
Mg o DNAZ % #i% e 2 mﬂﬁar ¥V A SR B8 A ] (ERDNA) o - Eopd ks “mﬂé ,
A TFE rmie Y s et WESHY AR b G 0 BARmEIRL RN 4
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AV flpE et A% 4 (humoral immunity ) friw® 4.5 (cellular immunity ) - * % DNA#® ¥
WmRNAFEZ » 7 5 & /44 - 4 8 2DNA L % ' mRNA{ £ » DNAZ & it » i g (7 4k 0 57 &
ARFLAFIEEWR® A EMF B LA F BT 2[6] -

R 1. ]

d S RNAJ# € 7 870 245 8 4 RNA fqf fligaze - B /ﬁ% LR TR AP AR
BT AL 3 AT G @ FATE O RNARS F B R @ F R RNAR S A 5 R 32
W oo A s SARS-CoV2FH F 2+ 2% > B EFEL > BFEITET IR ﬁ’rf C R 3\“% s A L E
Pag e RGBT ARTRMOG N EER L > R SCOVID-194 in 7 0 R EH LR - E
AP ATRA B LR R FRET DRSS BT D S A g )
EI S ST I R RS *—x[zo 2] AP AFTHES B AEFZRETAT LY o HEH NS
#r4|SARS-COV-2i& (4 e+ E 4 ﬁ/p'f,éfCOVID—l9,§,»%%‘ % - ARk o
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