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Abstract

Various vaccines were rapidly developed during the COVID-19 pandemic to prevent and treat infections but
global infections continue, and concerns about new mutations and infectious diseases persist. Thus, active research
focuses on developing, producing, and supplying vaccines and treatments for various infectious diseases and
potential pandemics.

Natural killer(NK) cells, as innate immune cells, can recognize and eliminate abnormal cells like virus-infected
and cancer cells. Hence, their development as anticancer and antiviral treatments is rapidly advancing. In this
study, optimal short-term culture conditions were identified for allogeneic NK cells by simplifying the culture
process through the isolation of NK cells(referred to as NKi cells) and eliminating CD3+ cells(referred to as CD3-
cells). NK cells demonstrated reduced viral titer in injection of NK cells into SARS-CoV-2 infected ACE-tg mice
increased survival.

The study's findings could form the basis for an antiviral treatment platform that swiftly responds to new viral

disease pandemics.
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2. Material and methods

2.1 Materials

A549 2 VERO E6 A|¥X5: American Type Culture
Collection(ATCC, Manassas, VA, USA)°IA T332
Dulbecco's Modified Eagle Medium(DMEM) Hll )l =] =
Gibco(Billings, MT, USA)°l4 13} t}. Fetal Bovine
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Serum(FBS)-> Hyclone(Logan, UT USA)°lA )35}
3, NKAIRE wdux]9] KBMS502+= KojinBio(Sakado,
Japan)oll 4] 915} TE  EasySep™ Human NK  Cell
Isolation Kit, Human CD3 Positive Selection Kit II %
The Big EasySep™ magnet> STEMCELL Technologies
(Seoul, Korea)ollX -1} t}. Proteome Profiler Human
XL Cytokine Array Kiti= R&D Systems(Minneapolis, MN,
USA)°lA T43FATE Poly-L-lysine solutionZ} Bovine
Serum Albumin<- Sigma-Aldrich(Seoul, Korea)ol| Al -
Q5k3ltt. Paraformaldehyde(4 %) T&I(Zhangjiakou,
China)°| 4], 0.4 % Trypan Blue Stain<- Thermo Fisher
Scientific(Waltham, MA, USA)°lA 18-t} CD3,
CD56, CD107a, NKG2D % CD57 &A% Invitrogen
(Waltham, MA, USA)°lA <8kt CD16, NKG2C,
NKp30, NKp44, NKp46, NKp80, DNAM-1, 2B4, FAS-L
2 TRAIL &3]+ BioLegend(SanDiego, CA, USA)ol|A]
T4+ k. NKsol™-& IMMUNISBIO Co., Ltd(Incheon,
Korea)oll A A& ¥kt}. SARS-CoV-2 delta varianti=
A8 2] 25 (Cheongju, Korea)oll 4] HIXE| o] biosafety
level 3 AN A BT A D2 PAPB) A
=9 WAke ZHEESE st SAARRE Y 3T

A1 2] 2] S](IRB committee)2] 5<1-& Wrol F~3=|SlTh

2.2 Methods

2.2.1 NK cell preparation

275 71SAZEE 92 dx QPB)olA
H Zx g &3] A PBMC)E= Ficoll-Hypaque
Tl QAR E ARkl Eelsksith ElE PBMC
= Z}7} EasySep™ Human NK Cell Isolation Kit 2
EasySep™ Human CD3 Positive Selection Kit IS A}
sto] AzgAe] Aol whep NKAENK A%) 9
CD3+ depletion A|¥(CD3-)E& w3t} Q.6Fs)oq,
Big Easy EasySep™ A& Alg3sto] 2 PBE 3
2 kit9] selected cocktail concentrations® WHS-A]7] L
RapidSpheres™ = A g]ato] AMEE EE|slolr el d
AZE AxAA ] A3l whek KBM502 vl Aol 52
2 243 AJekel NKsol™e = A g]slo] ujekalict.
o] ke NKi 2 CD3-AE(20x10° cells)oll 02(D0)
HH 62(D6)7HA 3¢mkth 20 uLe] NKsol™-& =2 &}
of sttt

=i s
= -

2.2.2 Expansion kinetics assesment

Z} NKiH|3E9} CD3-M3E2] & M3 4% Trypan Blue

AR
=

AE A5A FWE N

Staing AH&3+e] 0¥€(D0), 3Y(D3), 5¥(D5), 8L (D)
2 16d(Dl6)ll SAHAT AA A o W=
7} FQES AIE $E D0 AE FE Yol fold

expansion®. 2 ¥ &3}SITh

2.2.3 Flow cytometry

NKi ¥ CD3-A|¥% CD3, CD56, CD16, CD107a,
NKG2D, NKG2C, NKG2A, NKp30, NKp44, NKp46,
NKp80, DNAM-1, 2B4, FAS-L, CD57 % TRAIL A
= Abgste] BAsT FAE BAS CytoFLEX
(Beckman Coulter, Brea, CA)E AF&3lo] 33513t}
Ho]E &= CytoExpert A~XE9o]E Al&3slo] #2413}

e

2.2.4 Antiviral effect of natural killer cells using
the TCIDsg assay

NKAES] el 2~ g3k &4<18t7] 918 VERO
E6 AIEZ 100 % confluence® Hi<¥alal 1x10* PFU/mL
= SARS-CoV-2 delta varientE N-p-Tosyl-L-phenylalanine
chloromethyl ketone(TPCK)-trypsin} 7 *]g]sto] 2
AIZE B9t widstelth. Fresh medium© @ A 9
NKA ¥ 1] Fajedol] w2 virus titer F3HE &
Q1st7] 8l VERO E6MXE &= <(control)Z} VERO
E6S FAAER s ol FEAIES] NKAE FRI
S L, 158 AlE S HEE 2 stk el
o= FE 53 agaS 13,000 ppmo 2 537 Y
AR 8 53}e] TCIDsy assayoll Ab
|35 ch A P2 viral supernatant= 96 well plate
o 100 % confluency= HIY¥ VERO E6°l 4-83}al,
viral titer= cytopathic effect(CPE)E ¥zslo] w43}
Stk HA Ag 742 biosafety level 3 laboratory©l] A]
a8,

3}o] supernatantE

2.2.5 in vivo experiment hACE transgenic
(hACE-tg) mouse model

RE A THAdTYs Ad¥es vy o
AH2-A Z(IACUC, Korea, ADD-IACUC-22-15)¢l et &=
At

EE v}$-2E Jackson AFAolA FUsEe] 21~23
°ce] oA R2AIRE Wit Fr)E E3 SAo g
& 4 = ABL3 oA FH=o] ARSE ST

hACE-tg 7H$-2~(B6.Cg-Tg(K18-ACE2)2Primn/T) = 1x107
cells/head® PBMC tHZ, NKi, CD3-A|¥XE FYslaL
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1A]ZF & SARS-CoV-2 delta variant 1,700 PFU/headZ
intranasally(in.)= Z9A1F T Weight change®} survival
<27 &< SAFHAG w29 T onkE] e
g ot E ARgSIlth BE wheaE AL SARS—
CoV-2 el AEgo] v oot v=

ofgt A3 Aol ukt 2E AL $E8 10 % CRR
oA CO= FetAF B3

=
-

2.2.6 Statistical analysis

RE do|El: HWit+SDE XAEITE YN Hitak
2 Dunnett's testS AF-&-3lo] ©hiler = ukak A
A (ANOVA)S. 2 vluslgit) SA4 oS YE

w7l $180 0.05 7I¥ke] P-valueEs 40}93\‘:}.

3. Results

3.1 Natural Killer cell sources were determined
through isolation methods, and natural killer

therapeutic candidates were identified
through culture

NKAHIZE #1E $13l Ficoll-Hypaque

cell

L= 94

e ol&ste] dAg l‘ﬂx}gl PBol| 4] =
L3I oF, FIHHOE &4 NKAZ FHRTS
B8k thFgk Ao EFRIS Egtele AR 24
S/EE S NKAEE o] HF FEIS WY
o} dubgo g A x NKAE 82 feeder Al|XE2]
FujFely tetAle] 8 Wy H4% FAHS AN
St Atk E AFolA= st wjY EAE WS
ARg3te] NKA|ZE vt wegt BHS 531

32} A TK(Fig 1A).
L) dAEe® 92 €245
NK cell-negative selection kit$} CD3 cell positive-selection
kits ©]-§3to] =53 NKAEZE wjdd FE Ax
55 833 TE NK cell-negative selection kitE ©]
gate] FEE NKAZE Y -5 CDS6+NKAIE
o] Hl&o] 337 %ollA 942 %= Tt on giFEe]
CD3+A| X9} CD3-CD56-A| X7} A AT =527} AA
71kt tH-E9] CD3+AIXE CD3+cell positive
selection kitoll 234 A AFUAK(Fig. 1B). NK cell-
negative selection®l] 9J3l] F&E AM¥EE oF 2 %] &
< HS31, CD3+depletions &3l A2 A¥E= 2F 50 %
9] TES BHAKFig 10). o]g/ 8l 7 NKAXZ

Ficoll-Hypaque

110/ 3-=FAtabelr) a3 2] A27d Al152024 29)

FTH TS NKAE A EF24 219kl NKsol™Me = A
glato] wjokst A3} NKiAE9F CD3-H¥E E5 CD56+
NKAIEZ 2] 92 23l5= AL 21 th(Fig 1B).

ol
=

: T = 5 =]
NKi ¥ CD3-A2Z BF vl F 164 D16)A T3]
= eN E = . 3L >~
S/F AlESAE BT 58] NiAlxEe] 4= Dol
A4 10x10° AIEF o™ DI6olA 2,703.3x10° A EZ 270
Z715}e H = 5
Hf S7FekSAtHFig. 1D). whebA o] 73?% &3l NKA
3T o 5. & ) =] =
E S A% FETS dA-ska de vjekg
o B =]
o ggaeln.
A
Human Product
B Day 16
SgE Agnr
JHR (2% I 7553 e
NK cell b 2 b "
negative : 3 _’,:
selection a L ] o
i o : Ty ¥
B SN TF I TS R 77 JBE
CD3+ cell : - Y : '
depletion E s § : i -
Qs 1 IS 1
[ it i i i) 3 5 v T )
Beforeisolation Afterisolation
CD3-PerCP
c 100 D Z3s00
2 140 S 3000
im n
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W 60 3 1500
3. = 1000
B 04 8 s00
] Before After - 0 r-l
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__ 160 = 2500
2 140 g L
8120 2, 2000
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2 80 = 1500
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= 2 ¢ 1000
) - s
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Day after culture
(cD3+ cell depletion)

Fig. 1. Natural killer cells were obtained through various
isolation methods, and natural killer cell
therapeutic candidates were identified through
culture

A. The schema of NK cell culture, B. Flow cytometry
results of various isolation methods for NK cell culture,

C. Yield of various NK cell isolation methods. D. Total

number of NK cell-negative selected cells and CD3+

depleted cells cultured with NKsol™
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3.2 Antiviral-related receptor expression
comparison of cultured NK cells after NK cell
selection and CD3+cell depletion

Ad A9 AEQJ NKAXE 34 SARS-CoV-2%

o)

NKAE2] o]F52 thefdlt ARIele 53 3849l

(chemoattraction)ol] ]3] Lol NKAHE=
A AA EAE T Hgd HNEE 2
TEg 7HA A Q= Aoz d#A] th
SARS-CoV-2°ll 7A¢1%l A¥Ei= HLA-E o] &
3l NKG2C9F 22 =840 23] NKAEE 243
3o SARS-CoV-2 peptidet= 93+ NKG2D =&
Agtete] NKAIZ 848 S/ Rz B
=o] Iri NKG2Dell ]3] $4dstel NKAEE
ZAZ 4+ 9= DNAX H%E EAHDNAM-1), 2B4=
23 oy @As FE 87 Hdsa 9o,
vlolgl 2 AA7F 3 #A4le] NKAEE DNAM-19]
WA FF oAl FEA TIGIT o] FHaHof
AtH= AT A37E AP wEgh NKAEE A 9
E4 AL 548 s Fey 84 MAQl CDI16
I A FAUst A Mxed Addste] @AdsiEch
A F7HA1 st
.<|’:

o ko B N

NKAZE= MHC 5HA¢ wjAUSS &3 vtold
2 ol 3elS Q1A8HAL NCR AlE 4-&-A(NKp30,
NKp44, NKp46)= Hiole]ze] Zejzt 29 s
A2lste] v AE APES frEste] vho]# 2o
HAE AEE AAT 5 AP m=3 1A AL
ME LS vl Fas @M= (FasL)o} £ AL
A7 #A AFZAFE F% BIIE(TRAILE 23 o
g Alxze] =g wdste] upoleize 7o
AP FEAE EEske e E Mxe] APEE fE
o,

g vehlls Zlew ezl 849 wao] PBMC
& frolatA Frtete AL st

NAIE A 5A ZHE L

120 OPBMC [ NKi cell BCD3-cell

NK cell receptor expression (%)

© 2 (9 el ] O o O N ] » A »
P PP ITEEY P FES
S FFEFEFEEE oev & & &

NK cell receptor

B PBMC NKi cell  CD3-cell PBMC NKicell CD3-cell

16 I NKpa6 ¢ |1 e
co107a § g Ly
NKG2D 4
NKG2C i » -

Eil g
3 3 ; iR 8
S FAS-L Lo »
i i
NKp30 . D57 |
P30 A 4 i o} - -
3 i R <
NKpas i 4— 14 TRAIL Yy Y] e

Fig. 2. Comparison of antiviral receptor expression in
NKi and CD3—cells.

Figures A and B. NKi and CD3—cells gated on CD56—
FITC—positive cells and reached with PE—conjugated
antibody corresponding to each receptor and PE-
positive cells were analyzed by flowcytometry.

(Fig 2A, B). NKi ¥ CD3-4|3Z1E.t} PBMCoA 9] =2
CD57 &L T vk 73l A wlas) = wf =
s o JAEAeS dERATh o]Ye AI= NKi
5l CD3-A|3E7}F @ufole] 2z 7S 7H 4 s Al
N la=

3.3 Antiviral effect of natural killer cell candidate
NKi % CD3-AES] Fujolel mus Hs)
9lel TCIDsy A& 3As83TE VERO E6AE=
SARS-CoV-2 Hlo]# 2] ¥ 24<Ql angiotension-converting
enzyme 2(ACE2)E Hdsh= Zloz dejx ol

St ALel 7|48k 8) A A7 Al1E(20249 29) /111
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100 % confluence® ®J%%E VERO E6H®:E 1x10°
PFU/ML2] SARS-CoV-2Z ZAAIFHTE NKi 2 CD3-A|
OJHHMIEE)Z FAAEMS SARS-CoV-29]
VERO E69} A E:T H]&o] 1:1, 5:19] H=
S AR S
A 2L VERO E6 Aol AZFAAZ)AL, virus titer
o]Z TCIDs, 412 &3l &2lsl3ict Virus titere
9 CD3-AEE dF wIdEgo=Exn A g

< RISt NKiAEZ ] 79~ 1ogTCIDs, kel th
z7ol| BlEl ET W& 113 51904 Z+2F 7.60004
6.67, 59002 ZFA3sFtE =, SARS-CoV-2 virus titer
NKiAl Zol| o] E:THE 519014 oF 6onl] a3
FAE B L3 CD3-AIEL] 9 1ogTCIDsy 34l
ET H& 1:13 5:1904 Z+2} 7.60901 4] 6.66, 6.84% 7+
239tk &, SARS-CoV-2 virus titer:= CD3-Al| 3]
o3l oF 108 gt FAE BQITHFig. 3A).

@ e
it

% 53 viral supernatant

IS o A

%

B

9 ONC @11 WS

SARS-CoV-2
Delta strain infection
1700 PFU/head

£ +)

&

2 ) . h

2 —

g Ak O ~14  Day

mouse 1

NKi/CD3-cell
1x107 cells/head

t

Survival/weight

Control NKi cell D3-cell

Cell therapy candidate

o - PBMC
5100 o -+ NKicel
o g 5 = CD3-cell
5 % « PBMC 3 604
s -+ NKicel 3 .
+ 80 z L
g S 404
o & CD3-cel o
§ 70 204
———
T 1 T 1

T
15 0 5 10
Day post inoculation (Day)

T
5 10
Day post inoculation (Day)

o

15

Fig. 3. Anti—viral effect of natural killer cell candidates

A. Viral titers were analyzed in supernatant obtained
by co—culture of control, NKi and CD3- cells with
SARS-CoV-2 infected VERO E6 cells using the TCIDsg
assay. B. To confirm the SARS—-CoV-2 in vivo treatment
effect of NK cell candidates, ACE-tg mice were
infected with the virus and survival was observed for two
weeks. C. Weight changes and survival were observed
following the infusion of NK cell candidates into ACE-tg
mice infected with SARS-CoV-2. Control, PBMCs; NKi
cells, selected NK cells; CD3—cells, CD3 depleted cells.
*xxp<0.001.

112/ =213 8l 7)1 %813 A Al273 Al1520249 29)

NKiA| 9} CD3-A3E2] in vivo &uloleix Fibe=
SARS-CoV-2 HFo]#] 2 delta variant] 7% hACE-
transgenic(ACE-tg) 7}-$-2~ 228 AL-g-3}o] PBMC(thZ
) 15T Hlaske] FRlakglnl o] A4 SARS-
CoV-20l 799 ACE-tg vF$-20ll X NKAE F 5 &7
7} PBMCE 18] Fosta AlF Wslel AEES 27
59t 71238} thFig. 3B). NKi 2 CD3-Al%ET ¥
ulg-2~9] A|FE PBMCT T f-o|n|g Zol7t §lA
9k, AAEES PBMCrell HlEl] 7 FH Rl A
stA Z71ekitk. SARS-Cov-2 Hiol#]x 7+ 8
=2 MAZE A #EEJew, gzt PBMC 1
59 HAF AEE 11 %ol H3A NKi 2 CD3-AlX
IS 4 %2 AEEo] E3UKFig 30). °l& E3l
SARS-CoV-2 74l wh§-2=9] AE&&o] NKAIE 13] &
oo 2% A F7HHS ElskGlth

i o Lo,

4. A E

COVID-19 2oz A7) wofo] F s
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FRIS A3t TS AlA MEFA, St
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gt gulele]2 5 in vitro ZLE]3L in vivool A
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Fuolel 2 Fsg 71 AQIAL ABA FRE A

¥ olgdte] v =Y NKAES dgow 54

A7 % 9es AAsATHF 1)
NKAEE BYsheIA £8A09] et e
A4S B AR AEE et 9 AR

al Itk SARS-CoV-2¢l 3% A|¥3= HLA-E
o] Z7}ete] NKAIE2] NKG2CS 43t A4 &
cH9 =8k SARS-CoV-2 peptidet= NKAIES] NKG2D
T&A o AFsted NKAES DS ~7W A=
Aol defA JHl mpol 2 A AL = Fhaje] A
NKAIFES] DNAM-1 #H49b TIGIT 2& ] Z=7}3}o]
= Zo] Bud wup ol NKAEE F MHC
S92 WAUFLoRE Hiolgx FUS AME
23 NCR AlE &3 (NKp30, NKp44, NKp46)oll 2|
3 wielg]x~ SR 72 E FAS Q1Aske] ulely
2 4 AEE AAT = ol F4 9 S4dskE
NKiA| #9} CD3-H 35 PBMCS} Halato] Fufole]2
oF Ay &3t A e SHE Bt o
2}A] o] A¥= NKiMES}H CD3-M X7} &ulole]~ &

S5 71E 4 9les wolFEu)

vlo]#H 2 titere] W3 SARS-CoV-2 ZHAA X NK
AR EA] TR NKiMEe} CD3-H 2] 3l g2
S AAE RISt NKAE & EE% SARS-
CoV-2 vlo]# 27t 9% VERO E6 AIXE Ads)o]
vlo]# 2 titer/} AA| A4S }OﬂE} NKJ/H] 4 35 60
uj ke mpole] 2 titer7} 7HASHlaL, CD3-A|ES] A9
oF 108 Yt mpol# X titer %}i; B THFig. 3A).
in vivoollAl NKAE ZFH o] vfold| A~ AA a3
<18l7] 9Ja SARS-CoV-20] 7+9% ACE-tg mh$-2
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